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Abstract 
This research aims to study the preparation and development of materials for golf and 
baseball-shoes bases production using nylon 6 as matrix materials. Blending of nylon 6 and 
natural rubbers (NR) at different ratios; 95:5, 90: I0 and 80:20 were carried out using single 
screw extruder followed by cutting into pellettes and subjected to melt flow index analysis 
and fabricated into shoes-base shape and impacted test samples by injection molding. Surface 
hardness analysis as well as flexibility tests, impact strength tests and tensile tests were 
conducted to compare with the nylon 6 samples. It was found that the blending ratio of nylon 
6 : NR at ratio of 95:5 gave the best results of tensile strength and shore hardness tests, while 
the ratio of 80:20 gave the best results of impact and flexibility. Increase in rubber contents 
resulted in higher flexibility but the materials compatibility decreased. The polymer blends 
are suitable for sport shoes bases utilization. 
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1.	 '.'I\!1'I1 Hffll'll U~l'Il1lff~nHffm~'H':h~'uanu 6 1111~ ~lun lJ'l51 ~ l~lJ 1~1 \I mr HI1I'1~\1 
~.Qtlc:l.J~ "'"	 1I""'t!. )/.Q.!d
1U~l V11 nWll'l'll! l'\l~ '11 ~ 11J'lltl1~ 1U'If'llllnnlllJ'Ql'lffl'Hm 1lJt!Hl1l'1l'1\11U~!'l'l1 nWll'luu'll~ 
~ "",J Y<=:l.ld 
2.	 mim\1 11 1'1 VI U~ UmsHl1l'1l'1U 1lJ~1 V11nWll'l uuu~ 
3.	 11I'l1UlHftVlnlll'li'1l1'mlJl~fflJnUnmh' t1Hnu1.'1 





0.1 4. v.ot 
2.1 f1l~Yll'lllll'l'lll~Il~I'l1lflWl [I) 
.	 .. 
1l1'1'\JIHlJlj1I61i'lI1'Jlllri'~1~ '\JlwiNfll~yhil ~llll11r fIl1'lll 'ijlflll lUll ~~l flli'll ~ i'u 1l1~ Ufl'\Jll~ 
ll'.	 IJ/ jJ jJ 
oj ram ~'11~~ lJ'll11 '\JIU dh J lVll ~ ~ll!~ll 111l~~1l~ i'U1l1~Unmfl:;;ll ~ 1l1Vlri1'\J1l~1l1 ~ Unoj N m ~111 
.d .;. 4 '.Q <>J ~ "d 41 d "l.'" ~ .d
'\JIU ~l'HJ 11 ~~ J 1111111 nW1UNlh ~lfl 'YI 'l~lllll 'YI1~~ lJ IIm mn 'll ~U I'l~1 ~ lllll~ ~lflll H f1J~ unrm 
. .	 . 
lfi'l:;;lll11J ~ ~ 'h~m J lflt111111 ~1.r~ mil1 m J llllnuuuJ IN 1l1'1nW111lh ~fJ fl~II~)j ff111rl1AI)!n~~ '1hu1M' 
v , • 'el • _~. " v .; _.r ~. ~" _~.~ff1lJlffJll~I'Yll~rrflffUl~ 111l~ '111U1Jll~numJUl'lI~U'\Jll~I'YI1'Y1111~ Ifl'l'\Jll l'l J1lJ hlfN mJ unanu 
~ ."2.1.1 rmunenrreennuus l)~l'l1lflWl 
iJ <I :Y .:" • .d, v ~ .4 111"" dl'YI1'\Jll~lJljll~lJnflllUm~f1J~'(]fl 26 'IIllllll~'\Jl)~llllfl 30 '\Jll hWm~lJ'l~~fJfW'lI1'l1mllll 
.oS 'j/':.d:'::' 4 ~ .t ~ 1 ' .t ~ "" ""I~'lm~~fl 111l~fl1l1lJlllll '\J1U~'YI1~mll~llflfl~1l1lflllff111~l)!lJnmIU 80% ~~'YI~1l1~llflMUllfflll'YI1 
rillllll"'1~lj1l1lJtiU~ l1IUnaNIl1'l 111l~ ~~fh1l1lJff111lJ1l1ml1'1 .r~ ~lJ~ 2.1 ff111~mt111vfl 20% ~~~~ 
:", .,., i/d! .1 
1l1~1l flll~1JJ l1IUl1'111 fl1l1~'\J INI'YI1'l1~ ~~ m ~'YIUYlll 1'l ~~ J ~ 
_I~	 '" A II) " ,,~ ; ".Q11J'I'I2.1	 llfllllU~mJlflll1111 m1 (l\lYl1~1'YI1'lf1U)'\Jll~f;!1~ 3 flllllff'l~mJf1111'YI1Iflll 
'\J1l1'l1lltllYl'l11~l'l'l1l1l~mJf1111'YI1Il1flllll~ lltllYlfl1l1~1l1l~tllYl'\J11 [I]• ~'"'1 
4 
~~ ",.. ,.d i1... 1 iI • : <>J "t iI lJlJ~~Vl1lllVllVHf1~~~Il~Vl~liilllurnsuenuuu ill~lf1l1'l1'U 'U1l1'UfllVlIl ,m~l1'iH '\Jll~ 
, G .d 1 .d ",.. , .d, ~y J~ 
il~fllV fl1llJln'\Jll~flln~i~V: 'Uflli1~ 111l~llflllill~f1lf1l~flln~'I11~111llf1lf1lm:f1tJVl'U'll~'Ul'U 
lYlV~1l~ 11 i ~ lJlill 0.2 -0.3 1'UIn ~~ lJnnu tlll1!J!9ill fll nltlnuuusll~l II'll\'l 'Umil ~1Jl fl l~ II~ ~l mll~l 11'1 
~1l~lJi: uu ftJll i ~m~ IIf1 fl rf~V~I'I'Il~';1Vfml1~l1ll~'\Jll~1 1I'11'U '\Jill:lfl ~1l'U 1111V fl?{1V 1'UflU i~ 
j/ , ~ »I • 
mlJl1fl~U'U Uflnl'm:1~l1i~lJlill 300-400 t'i'119ill 1 iihllJ~i 1'U1l9i1l~t'i'11U'U1l1l1Ufl~~m~llf1fl\1 
". • 'J/ 
ff'UlII'll1i ~lJlill 3-4 li'il'\Jll~1l1l1UfllHfllV 1l1''ln'ilull~11l'11i~I'I'Il~lJfl1llJllfll1~'Un~ 'U llfl~lflU'UI't\'l
. . '\Jll~ll9i ll~fl'UU'U ~dj <lflllill~ nll~ fl9iHfl'U nun'1111'li'U 111'111 fl~ 111'111uus iu 1111111l'1nlJri1'U 1rI'~l! ~ 
, .. 
, 












Pes Panes dd ~:.;,:~ 
Pes Cares ~ ~:3D~,! "­
I Pes Valgus ~~ 
11 .... ..­
G and mare 
Pes Varus M
.... ..- II 
Less shanC 
. . 
4ufi 2.2 i llVl'IlJW~ll 1I'11ll1"H<1fl'llill~1l1l~ mr il.llUV1'\J ll~lll'l [1] 
5 
Ii'nll\ll~vi1Vmfmi~~ljml~ll 1m ~fffmll~lli'l Irlll~i~dl0J1MUn~lm~'tm!il 1u~\'hu mm 
iI <::\, ~ Y'1l) do.J Y <::\ I 1J.' ; J.' "'" 1IJ 4 Y Y'lJll~1l'11110ml nUIl111'1'1l1l'lIUUl~m\ll\'H'I'l11Jff1U IH'Il mnl~Il'11~:~I'lIUfJll~~Ml/UI'IJ11'l1U1u 
.: <:l, I ; iI "'" ... Aid oJ: <I 1 y Y ~ J £'fl <> iI "'" 
1Jln'IJU110fl11m11l111l'111nU'lJUlI'l l'l~tU'l'l 2.3 'Jl~~~l'11 MilHnl'lll~UUI'I'lllVl1J1Jlf1'IJUIUU~ll'l'll1Mlnl'l 
AI " Y 'JI c::1j $I ..:k ''',,,<::1., ~4 .J d~ 
m1U1I'lm~~f1M1l10ff1U1'lfU m~~f1ff:Ulllll~m~~f1l1'IJ~ lUU'IU 'Jl~1nllfl1nMU~f1fJllrnrnunuuu 
JI 1/.,. ,I 
1ll~ll!il MU~l1\llVlU 1ll~lli'llhu mm ljl1~ff1Uii~1JlI1l:l'huYill~~"~t uii 2.4 1I~1uns ruYi~1~ljfm 
~1IJ ill I YY.:f1": 'JI ""'lit"'" Q J.' 01""IlfJllllU IM11'l'l1 I'lOMl/Uff1UffUll'11lHU1llllf1l'llUUllf11Jlf11f1U IU110f111 mn'Il'f1M~lml'11 ~~l'11 Ml'l'll 






























.... J iI -=t 
2.1.2 fll[J1mfltl11.'1\l11'IJ1l~111~lmmn 
. . . 1ll~lri1l'hu'mu~~;jl'hU1h~mJUlldu1~1J111l 15-20 tiu .r~1uli 2.5 1l1ll1l~iu~~h\'11H\ 
U ... 'II • 
lli\flIllNflUlllJ fl1 Utl1lJf111lJmlJ1~1.'IlJ l'I'lJU~'lJll~1l'1'~~i>\'ll~1l11J111~U III1 '.I'llflf111lJlltll1 ~U !111lJ 
ll~~llN f111lJl'lUl'11ullillllNlltlllNm~1l1'lflll!l~f111lJi>\'lUl'11U flUffflm'llU 11'lU iIIu 'lu~if~~I1~UlIll 
~'...,ltij/,a• 'J)I <!l.• _~'J/ <!it• j/j/9' ""jig)
lUU s munen ttlllflI'lU1ll~\l'11l'1'1Ufl!l1~I'lU1ll~t"Yl1tllUUllflI'lU1ll~ll'IltllU,  l'I'1U1ll~1lJl'I'Ull'Il 
, . 
11 1l~l'I'1U lJU 'IIlH1lJ~ll'11 
Pa4dirJg 
FoxiDg 
FoxiDg He.l ~~r- eollll!ef 
Oul<ol. 
'-" • .. 3t1..n 2.5 l'I'1Uu1~flllUtlN'l 'lJll~1ll~ll'11flW1 
II 51 , • 
n) Vlmll~lril ff1U flllN (The Midsole) Vlu1ll~lrilff1U flllNUlJ\~U ff1U lifflfi11Jlil'/tl'llll~ 
1ll~lrilfiwl .r~~u~ 2.6 U71111l if~~I~Uff1U~\!flm ~lltl1l1 ~~~lldNlJlflJl'l flu'm ~l1'1l~fll1~~ 1l'1'~~ 
9'JJ-:!liJ I lIIiJ<:t <:'I d '".''Il'~~tllJ~l'I'llJ1Hll'1UtlllllNm~1l1'lflttltl 1l1l~lJf111lJll'll~llN~~l'I'1U l111Jl'11~lfl (Ethylene Vinyl 
, . 
Acetate, EVA) l'I'UU1~lfll'll'llJ~llJlJ{liu1~fllJlJ.I'1U 1ll1il1u, 11illlllll~lJ~~ltltl ff1uu1~flllmi~ 3 
1/, IV, , 
lJd1~ihhm! llillll~flU llJ1il1W1huh\'~u~U~lU 11illlll1lJf11llJl'I'llJ1Hl11.1flufiu i1 11'11.1 ll~~ltltllfllJ
. . , 
a-nuu~~ 111 ~ 11 ll~ fnllJlltll1 qu l'll 1'Ii~l'I'llJildjllI'll'l'lJ flU i 11'; ~ U jjn7Ulllil'1 ll'l 11 ~lllJ U llIJl1lJ~~ ~ 
!ntlU jjmU11'l1l~ llJll{11!'lIi'u ~~;jvJll~llnl'll~ fl'l IilU1UlJ1 flIl1 Iilii'~dil'11';1.1 ~ 11.1 'lJului1t~lJlltJfllJvr 
lrl1l1.rhJu1U 'I vJll~llftl'l'lll~~~lltlfllh lMfl11flUllN m ~lll'lfllltlll~ ~~1l1~~~lln1 'II 'A'1tlUfll1 
•• • .. 1" ~.% 4 1 .1· .1"; ,1'11 tl1"'ll~llfll'lm~~lUI'l1lJ1fl'IJU 11111 tlUfll1u1UlullUUf111lJl1UlllUU'lJll~ Ethylene Vinyl Acetate 
•.1•• , • 1'.1 44 .rUllfl~lflUMlll~ ''Il'fl111'11 Encapsulated Midsoles ~lU 'Il' I'llJ1'l1l1ly1ll'1U (Polyurethane, PU) ljlJl'lU 




.... t!i iI I 
1u1'12.6 VlmlNll'lllYl11flln~ 
. . , 
t!i JJJJ ~ iii! ::fI I iI<:l .... "'''' 
u) Vl1l1lNll'llVl ruunn (The Outsole) Vl1l1tl~11'l1mlllltlfllUlllYl11~tlntl~11'l11'llYlJfllYflU 
JJ • • I \II , • 
Vlllfhnl~ lVlV'IN .r~1Un 2.7 .r~'I!1l~~~tl~1l111llJl'l1l1'll1l ~tlfll1iYflfl~tlllllCl~llYvVllYn~ llY'jnUVlJ 
Htitl Vl~lY1'1111 ih1'll1VlVll (Styrene Butadiene) l1itlVl~nl'lllflmlYvVllYlJlfl '1 tlUH1'lfll Vibrarn's 
Infinity ~~lll11Vl ~ 1 ~ll'1I1~ Hallfllnhvm 1l11';~ 
.: ioI <:till !lJ III I ioI IIJ' ioI':lnVVl1l1tl~11'll (Treads) meu ltllJlfllJ1Vl1lnV1UllUU uruue IUfl1UUllUUH)~ll'llCllVVlll 
,., <> ,., .d_~ ..... .<:l. .<:S.<:s ;:; 0 ,,., ,., .: '''' ..<'1. 'JJ 
1tl~ll'lll'lll1ll11'1Utl~ numrm ~lll'l flllCl~llYVVllY tl flml'll 111tl~11'llIfll~VlllVltlflVllV 
J' io/iol .l JJioI ~ Q. <::l-d JJ 
11) Vl1l1tl~11'l1Vllll'1l (The Insole) Vl1l1tl~ll'llVllll'1lIUllVltlClltlnClll U1~fltlUVllV lVllJ 
"';!loI !loI 'JJ d. 'JJ "'?I:: '" .d .: _iI d<::l JJ <>' .., , JJ JJ<'S(Polyethylene, PEl l'lljlJVllVflll'l'll'tlllflllIUll'JIll'1 Vl~1Ul'l 2.8 Vlmtl~lml'lVl'ltl~l'll 11,:! lY1tl~ll'1l~lYfl 
YWVlllCl~lYlJlVd "ru',"11!J flflVllUllllflClVltl~• ~I .~ • 111~111Hfll11I1Cltllld"1111~1 nmum""llCl~Utl~flll mrnseunn" 
•1U~Ul1-n'1 
1 1'12.8 Vlmtl~ll'llVllll IIU.l ,I "", 
8 
. .. ~) 11111HH1U!flll\1'1 (The Heel Counter) 111mv~fu!flln1'1 ~~!t1112.9 'lill1U'llH'ul1lm!fl 
• ill III , 
~l fl!fllnh1'Jll11111U1 fl ill 1 ~'H 1NflU lflllVll i 'H 1 ~ lfl!fll n'hi il ~iJ 1dh 11111 11 ~~ 'Ii 1ill flll1'ij 111J 
•11ll1UfllUlUll~'llll.,jVm ~il~Jl11Vm ~m~U'llfl i$iIJfl11111UHlll'llv1hmllll1'9ifl "l1'Vfli!f" 'lh~'lil,1f 
ill ill ill ill ill 1V~I~llllJfl1llJll~ ~U1~lJ 1fl'Ull un fl~ 1fll11i~lJ fl1111lJI11111V~ l'U!flll~ll1l;;1ilu Vill1ll ~l Vi111111 flm~ 
A";' d JI dllJ JI 
I'l'WI'l'llJfl1llJU'I~UHfl1Ufl lfl 
.... , ... JI VJt1n 2.9 l1'1mV~ml1'lll'll1 
, JI '" ."i,,.. • ,.. d,0 " d ~) l1'111Ull'lV~1V~l'l11(The Upper) 1l1'ij'll 'l1'l1ll1'111Ull'lV~1V~I'l11~~IlIV~U'I~UHUll~lJ 
: .... "i JI ,.. '" .:.... .J IIJJI' .J JI 
unrunnn IflHl1'1l~t11~flVUfl1~1l1'ij 3 'l111 fl~!t1'll 2.10 IflUfl 1'1'llJ (Polyurethane, PU) 'II~fllllllVfl 
. . 
, I ~ '" , <::t1rJ .<:t «i ~,. 
usu Nylon Tricot Ull~ Nonwoven Canbrelle UllIlllV~~lfl1l1''ll'Hmll IlJlJ!'I'l\ll ~~'lll l1fln1~Ul~ 
V1fl11'l'IJV~ l~1ili~uflV1~ lJl'HiVlfifl~ll 'l$i~l ~ .l~JII\l~ lJms'li'll1''l~I1'Jlll!fll '~9ifl illl I.;qVl~VlJ UHll ~ 
~llll ill!l1l1lilll;;1v'i'1~illl 1l1'I'J~Hil~v'i'v~lJfl11lJU~~U HUfI~l1'llJmljjUl'Hiv' 1fvv fl'l$i~ l'Jill 'HU~ 
ff~lml~lf 11111Hl1'lJVill'l}j1~'H1l~ Polyuretbane UfI~ Polyester 'H~ll til Polypropylene lllllv'i'll ~1~ '1 
• III III !II 




2.2.1 ''IIl'Ill'll (Nylon) 
1uae 'IIlfl 'II~lllYlli'l!~ll~ 'I'miilIJ1l1ff~ IIIj l~ M~ 1'1'11 fl'l'mIi11l11J~1;; ~ ItIIllIII j ~~ Ii1111IJlflll fl1ifl 
1lI .d. "'" J' <!I ~ a 1lI ioI ?I ioI '" 0' ioI 0 .... 1lI 0' <!I ~ ~ 1ll1'l1l1l11fll'llll~lllflllUmlllJll1ll ll.ih~lllllJllllYll 'VlY~ll1 jl~lllll111ll1"ll 'V~1'I'nfl'l'llll'llllllJlllljll 
. .. ll.ij~ll'll1inlJ'lfl~l'lill ~llffllll111'l~ltllll~lV1111Jllllfl~lflilllt'i1iJ~'~fliilllllll)Vll'llili1l111J 
" ,,'" d' '" '",.1l~~llflH l'lfll rl'tll~lflVj I1lljllllll'lllll (Nylon cord) ~ll~Vl~HWlllllllJlllllll 
•~lvflnlllvl'lllj!111'll'iJ 11.i'!. 1929 11lVll1hll'1ll1lY (Carothers) Uflll1li'lfl1llllJ1till III ~ll~lIlV~ll~ 
, .
 
U1'l711~l.ill~i>l (l1lJl~lJ~ll~u1'l7l1ill1ll I.I. duPont de Nemours and Co.) III l.ij~111i'!lY1l1l!lJlIJ1fll ll1l j 
111ll1lY1~'I'W1V1IJff ~ll1j l~Mlll'l~liflllllYlJiJ~~ll~'I'llliillJ 11J~1l1'l ~'I'llliillJlYllllll1111'l1V'lfilIl111Utiti1l1l.i 
'I'lu';h'llUnlll'l'llliillJll1~llll'VIJ~1l'1l~1ll ~Jll 111l'lllll 6, 6lilYlJiJ~~~1l1'l~1i1l11IJl\'J1l1l.i1 ~lJlfl~lJll 
, . . ri~~'I111l.ifliilll 'lll;;~fllH'il U~ 1~~~l~\~llll'l'llliillJll1il~1l(1~.,r1lfliilll'lll;;~'I'lltii'lfri'1 ~'1l'iJ 11.i'!. 1938 
fliilllillll'li'lljfl~1'l1~lfl111l'lll1l6, 6 I1ll l)~tlll~111l'lllll ~~lHllIl'Illllfllll1f~lljfl'll'iJ 11.i'!. 1939111'l~
.. M1UflmflVll'l'l'illdl~fl11~'lllY1l1l!lJlIJ1fllrilllllY ~l1jllJ 1<Ifll11~li 2 IgfliillVl1ll 'iJ l1.fl. 1940 
, 'JI • , 
fllilllillll'li'111'l1~lfl111l'lllll 6, 6 M1UIl11IJilVIJI'1'~Il~11IJfliiIlIJ11ll1'lllll~1l m~'I1~(1~iJ~~iJll em 
o d IrJ j,lod, ioI j/ """.... j/ AI.... ""'" A .:. 1 A.... 0' '" "'" Ii) .­1l11IJlYliH llllJflljl1111l111~VIII llll~lJDUllIflljllll 'l111 l'Ifll'l'llllY~ll1jl~mll'l~'I'll'lllll'l'llll'lllJIIJIl 
tll 'l1~llll,;~.,rlltiu111l'lllll6, 6 ~~~1~1Ufll'lihl~~l'lilltilll1ll flnff~ll1jl~Mlll'l~rrI'll1ll111l'lllll 6 ~ll 
lY1lJlHl1'lllflllfliilllillll 'li'11~llIl'IlllM'll'iJ l1.fl. 1940 U1'l711~lHllIl'Illlfliilllillll'I1111l'lllll 6 I1llu1'l711
. , 
LG Farbe nindustrie ~ll~Wlljlill 'lliJ~~iJllilfliilllillll 'li'ltlill 'Vff~ll1jl~M~l'l'l1fl111l'llllllili11~llIl'Illl 
• 'JI ,'JI 
till 'I111l.ilnllU'I1~lllJlllfllli tIIll'V'luauu 6, 6 ua ~ 'luauu 6 '1l'iJ 11.fl. 1974 'I11ll'1flfliilll111l'lllll '11~1l1J Il 
9 .... oJ 0.1 9........ '" II) d"""
Q5.7 x 10 l.illllll 'lI~'mlll11111l.ij~1J1W2.0 x 10 l.illllll fll'llll'lllYlljl!llllJjfllllll'llllll1fll'llll II 
lY1l1l!lllIJ1flllfl1l111l'lllll 6, 6l.ij~1J11ll 70%, 'luneu 6 l.ij~lJllll 30% I'h1l111l'lllll~fliilll'1ll.ij~ll'1fl 




• • • 
10 
I'UM'Um~lfi>1~ln IlJ 1ullJU{~l1'l'U1~1l'H1'UI~llri ffnmnfll Iilnenunu (Caprolactarn) ~~ 
tliimVlI'I'll1llJUh l'I1oti'UIl11~lluUltlm~mn'UfilI tl~ I11nll'VllJ YI~V~ln 1>1V~jj'UIl11~ 1>1lu9inv~9i>1 I>1V
. .,
1'I'l111lJ V 1 ~ I'I1oti'U IIUmi'U YI ~ V IIUUf11Ull'lJ 'U nm~ vn'iiv 1 'U 11 V'U '1 'U m III Vi jj 111 'IIIyjV~ l11 'II I~ V1 l'll'U 
.,g I d:.... "'" 1 0' :iI I 0' d"",o
1'U11V'U 6, 1 'U11V'U 10 YllJ1VI1~ YI'U1V'Vl'l11 '1 n'U'lJV~'I'lU11IU lJ>1tl~~nVU>11V 1'I1f1nUV'U'VllJ~1'U1'U 
0' 0 "" "'" 1 0' 't 't ",..;,,,,,, 0' t ""!QI Q 0f1nuv'U 6 1111~ 10 'IllJ111>1U mV'I'lV11lV lJ'Iln'l~ln IlJ l'UIlJV~'VllJ~1'U1'UfIl~UV'U'Vl~YllJ>1 6 mv 10 
, .. 
'IllJih~u '1'UmIllVijjl11'lJffV~I11'lJ l'll'U I'UM'U 6, 6 111'lJ~1mnYllJlvg~mhvVi'lil '1 il'Utl~~nvu~1V 
,. 1 iI 
YI'I,i1vVilJl~lnl>1V~jj'UVijj~1'U1'UfIl{UV'U6 .r1l'h'UI11'lJ.r1Y1I1~ YllJlvg~ m.i1vVi'lil '1 n'UlJl~lnm'l 
I'IluoJinv~9i'l~jj~1'U1'UfIl{UV'Ulvhnu 6 .11 'H~VI'U11V'U 6, 6 l'l~VlJlJl~lnl>1V~jj'U~jj~1'U1'U 
fIl{UV'Ulvhnu 6 1111~ 1>1luoJinv~9i'l~jj~1'U 1'UfIl{uv'Ulvhnu 6 1'lI'U n'U '1 'lJ'\';l'UV~I~v1n'U 1'U11V'U 6, 
10 YllJ1Vg~ 'I'l Vl1lV IlJ~~ I'I~ mnne m 1>1 v~jj'U~jj~1'U1'UfIl{UV'U 6 .11 1111~ 1>1luoJinv~9i'l~jj~1'U 1'U 
0' • QI Q,1 d iI ""' .... .! 0 ~ .,g .... 0' d"", "'" 0' d"",
fIl ~ U U'U Imnu 10 '11 IU'U'I 'U '1 'U ~1'U 1~ V'U ~ ~'Vllm~ nn 1Jl11~'I'lV11llJ VHlfflJ 'VllJ'I'l V11llJ V mfflJ nu 
"" ~.:: I"'" ~" ' 1 I'UM'U 6IU'UV~f1tl~~nvu>1~'U'U~~ 'In11l111~I'U11V'U 6 '1'UYl1'lJU'IV il 
"'" 0',,1 "'" d dill :iI?I a I";" d'I'lV11llJV~'UI'I ~ VlJ~lnflll tl~ l11nll'VllJ'I1~m~U1'Ufil~ 'Vll 'IIm~IU'Ull UuuU'I1Y1 senUu'Im'Uv~n 
I~ '1um~U1'UmmUUllU'I1'1M'fIl1 tl~l11nll'VllJHfflJnu111tl~:;lJllU 5-10% l'Iv'Illmjnll11:;m>1V::;9i~n 
: Q,1 J y 1 QI "" "'...;; 1 ~d(tl~:;lJ1IU 0.1% I'IV'U1Yl'Un) I'IVm~~'lJV~HfflJ'UI'lJl tlv~~lVm'lm'VllU'Um~Vlmfl'lJV~ 'U I'I~I~'U, 
.. _~ ~ tl'" d d ''''I" '" dl'~ d " ~ " " (l'l'lVUV~n'Unnl M'Uff'lJU~'I'lV11llJU~'Vl >11'UV~~lnVVn'l1 'I'll I'IVVVn'l1I~'U) 111111Y1f111mV'U 
tl~::;lJlIU 250 'c l1'l'Un111 12 i11m ~:;'H':h~fil~vu'1M'i'mnfl11lJ~'Um~~15 m~Vlfilfll'lVnn 
tlri VV Iv'IllvVnlJlI1'l'U ~:; v::; '1 YlI1~ ~lnt1''U ~~'Ulm'l'lvi'illJv{ Vi i1'~f1~vg'1 'U ffl1l'U::;Yl11UlJ.r1VVn '1 'U ~ il 
jJ " " 'lJV~ 1~'U j UUU'U (ribbon) vh '1 M'I~'U 11~ 1>1 V~1'U1h~'Ull~1.r'l11'l'U~'U 1~ n '1 'I'lU 111lJ V{ViI~ ~~jjffl~Vijj 
: QI ~ oJ '?I 't "'<9, a I.! ....I 
'U mun IlJ l11fJ 11 'I 1 'II~ ff1'U'1YIlYIU'U IlJI 'UllJV~ 1~V ilu v~tl~::;lJlIU 10% ffn 1~vtl'U lYI111'U eruns 11'lJ~ >1 
Itll "~ "": " .. 1 ,,'~ " ""'tl '" ~ enn >11>1Vfil~11l~mV'Ul~V'U(80 'C) inn '1 YI~V un IYlfl11mv'U'Vl ~::;lJlIU 180 'c 'Vlfl11lJ'I'U 
" • jJ • , 
0.05 un Vlfilfl fllvhl'fll1::;t'll'Uilffl~l~vtl'UVijj'lllYlt1'n nun1 tll~IlJl11fJ"(ihu1'U '1 m\l~::;\Jnnl1'U 





H r! C,H2 










e-Ceprotectem e-Ceprolectem e-Caprolactam 
~ ------'J.~ • Poly(e-Caprolactam) 
(Nylon 6) 
• • .. , 
lJUfl~ lfl ilu~1 ilJhn 'rIllflilJ iJ~ tn ~lilflllilil~m U'VI~ fl (Side reaction) flU f1l~fl1lJUlJlJ 
I ..<:t I 0' ;::t.d I 'Itt y y .... ;f~~'f11N'f1~u::amU~~'f1~fllmUWll~'VIUIJ1li1l1J91 ~flfl1IJfl~lJ 
Mjjfln~l'lJlJ 11'VIflWfl~1 mjfl11l'VlflWfl'f1d~llimfl~ IJ~ 'llJ~UlJ6 1lJ ~1l'IJU~U~tl1fllJ 1'f1'llil il~ m 
1'r1~il~u hl9liWilfl1lJUlJlJ (mold) 'UWfl in situ llilil~1J11'r1~il~u 'I~19liwllmmvil1 'f1'lilfl~lJUriN 
~1fll~1 1flIJ1fi;r1~1~ ~l1j ulllJwvhmflu{UlJlJUUlJllUUWfl 
• • • 
12 
1.13 
'" 0~~l1<lv~mm ( C) 215 
Tensile strength (lb/in') 11,000 
Elongation at break (%) 100-200 
Impact strength (ft Ib/1/2 in notch) 1.5-3.0 
Heat distortion temperature (264 Ib/in') (C)
.. . 
60 
4 a ~ "'" Q.I fll~tl~fl<lUUTYl~~ll~m (%) 9.0 
,
<UQ,'" 0 OJ2.2.2 trlltJ\ll'l'Ulll'lty'IJtJ~tJN 
vJ<lll~ ~l!.l~mr~ii'I'Jl~ll~ Principles of Polymer Chemistry 1~1I1'ml~l1mlJ~IllY~~fJtI!l1mHU~ 
~lYlt1ty~<!~ 2 ilserns llul1'JuWfll1m-lW'Ull~1J1~len 11"1U mr~ii'1ll~~11~~11 1J1~l1'Ju1~'l~ijflmU~IJU 
!u1~mfl i ~IJ 1lJ \jflll1<l11J11 ~ vii fl'Ulf1 ~~ijffmJ~~lUt111~mj~ rHi'illUtltJ111JW1'JU 'Ull~rH <l1 'lu 
'UtI!~l~1J1tluMjfl11~fflm~tllU fll~ fiu 1'i1~'UtJ1f11~~1~1U 'l1uli lrllll!HIti'U11 ~~ m ~ 'l'h 'l'h1,r1J1~ij 
ffmJ~'Ull~'Ull~l!~~ fillijml~Vf1mjtJ Ii'iV~1~ff~U~'l1~ 2 ~ltJih'(;'~1IJfitJ 1~1~~l1'm~lJfl11 lJ1~d'ltJ
• 
. .	 . 
1ff~1ff i f1fl<llff~fl (viscoelastic material) iJ'tJlll~ u llfl~lflilIJ1~iJ~ijff~U~ll'itJ VtJ '1 flfll1<l1IJU~~ fll~ 
• 
V'lllfflU1~.1~ iltiII 
1. 11'Ju1111'l~fflm~tluftJul ~ l,rijff~U~'I'11~tml,*~ltJl'il~ '1 1~mh~fl~1~'U11~ i~lJfll~I~~ 




;::t 'JJ..dl	 'JJ.<:t 
4. ~ml~fflm~tlI1l1tJ'I'11tJfll~fffll1~ll (Abrasion resistance) U<l~11I1tJ'I'11tJfll~\lfl'Ul~ (Tear 
resistance) 1~~ 
5. jjml~cilltJ ~~1u fl11~Ufl~ U.lU~~uHmmrlllll~l urmeVf111~lll1~1'i11~~~ 
.<:t _~ Q.I d I	 r;f 111 V.ct & 'JJ d .<!l. t 
6.	 ~ml~fflm~ nu ll~ nu fll~'IW NltJ 'U ll~'U v~ rH<l1U<l~ Uflff ~ ~~ ~~ 1']jjflu u n ~ rt ~ll nu 
"'~~'" 'd'Ull~rH<l1U<l~Uflff~mlJtJlllJ1~f1 
7. 11'ltJI'i1U~~ffltJ111llfll1 (Adhesives) 
.c:t I <!ll Q.I I """ 8. ~ m 1~'I'1 tJ 'I'11tJ I1Ill fl1~<l::;<l1lJrt ~ llfl~ mllU'U ll~ enrlfI ~ 
9. jjfffl1V'l~ltJ'I'11tJ 1vJ~lff~ ~~d'IU\l U1U 1vJ~1~~
• 
13 
" " , 
ns:;'IJ1'Wfll~ uils,UIJN 11'lw111 WlIJH~'IJ1JlHl'I'lIl'1'n.11~~1I~ N '1 l~ 1Jfl':h~l'I~ IJH ~~iJrVlll1,r 
liil'lfll~~U~IJ'WllUll~l'I'lI,r~1'INflllJill'l1 IJH~ Mil'~~IJfl11IJN Hl'I'lIl'1'n ~f1iilll\'1 ~~W lIJNil''1 u~m
•
Ullll:; 
O~" .I~ ~ 'I' "I = ~ 'd °'l.I~" 'I"VIlI'l1f1~,UI,wm:;'IJ1'Wfln111fll 'W']j (Valcanize) llJ'WHlll'lillll'V1IJHl'Il'I'l1l1Hl'W1 lJ 1'l!~1'W 1'1 
" , 
m :;'IJ1'Wfln 11'11Jl'I'~u~~~ll 'IUU ~ ~ ll'l'l1Jl~ naenuuu1 ,r'l~Hlll'li11ll 'I1'IJHViiil'I'lI,r~ 1'1 NflllJill'l11111:; 
eu,r~~'W '1 Mll d Nfl ~W\J1l~ 1'll1l'i1'llfiI'll 'W 1'1 I'll ~ ~ I'IflU fI ~ ~ll~ flWIJ ll~ Hlll'Ii1III 'I1'1l~1l:; 'I!U1'1 IJfl.11ll d H 
, , " 
1'li'W IJH'lJ1l'1'l'I1lVi '1liiil'l'n.11~~11 Hl'I'lIlldllllJ Wl1JlHl'I'lIfi'IJfilll:;tl'WU~:;1Jl1ll ~lllJll:; 5 'lJll~ WI'll WfllJH 
o • 
" 0 '1. 1~ 'I '" "d =.1 .. d111l1'Wl lJ111fll 'W']j1'l1IJfI111l~ll'WI'Illlll'l1illllJ~:;1Jl1ll100 Il~ 140 V~!'lll']jll~']jlJl'I' 'I!1~nllll'lm1Jl:;l'I'lI, . d' 
, .. 'I '}J o<!!, d"", <9. I I I <9. nJ 'I ';II .e I "" fIl'l1'W~~:; ~WHlJl'Il'IlIfI111l1JI'I'I1~'W~~VV'W'ljll l'I'l111~1l1J1'I1'I1 1'1 5 Il~ 91Vll 'lJV~fI111l1J11~1'I11 1l1l:;'111'1 
, " , 
.11flll'IJ ~'IJ'W11'I1~1I 'I ~~'W Vi ~ n'W1J1~Viiifl111l1'l'W1l H~~ ~ ~ii ~ 3,000 UV'W ~~Vl'Il~ HU1 ll~djVl~lI 
o ~ ~ .1 'd 'd J ,~, , ~ .. " .. ~ 'I'" '111 d dmuenu 1'W~lJV~I']j'Wl'Il'Il'I'~'IJ'W !'I!'W Il'l'fllll:;Il'WIl~~VIJIl:; 25 ~lIV111fll 'W']j1l1l1~:; I'WHll'IJ~ 1l1l:;m'W1J1 
"'" .e ~ • ddt'l"" d.,;,Jd "tIlIf1111l1'l'WllHI'I~~ ~ mll V'W 'lJV~ll 'IJ~1'I1 UflVfI111l1'l'WIIHI'I~I'l1l1'IJ'Wl1J'W 10,000 UV'W I'I~VI'll~ HU1 
11'J'W~'W 
'WVfl~lflfll~ 1~1I H~filll:; il'W~~iifl111lh1'J'W 1urns'l111,r1Jl~f1~GUfi~fl ~1111l\'1 t'ilHl'I'lI~'lJlilf11 
d "'1.ld = .. .. 0 '1. 1~ 'I'" ~= v d d(Carbon black) ~'l1l1~'lJl lJVfl'l!'WI'I'I1'W~ ~lIV'Wl lJ111fll 'W']j1l1l1l'1'lI'IJ1'I1'I1'WfI111l11'IJ~llH'lJV~1J1~fl~:; 
~U~IJ'WllUIl~'IU 
d ,..,g 91 "'" Q d ~ "'" 'I' 4 ...,.~:; m 'W 1111~ 111l IJH 1'1 'IJ~:; 11 fI111l II'IJ ~ IIH I'll ('W Vfll'l1 'W V~ 1fl nn 11 fI n U ~1I VVIll'l1flll. ,. 
~U~IJ'WllUIl~1Jlfl '1) ll~~rlVW 11JlUi''IJU~ ~f,Jllll'l'lI,r~11'1IJfln111fll 'I 'W'Ii' (1!fA111:; il'W 1ll\"V'IJ~'lJfI111l 
'JI "'" I 1;1 ""= "'" d Ii] q .d.<:IJ' 'I" ' ~V'W) 1l1l:;fln~l'IlIl'IJ1Jll'lll'l'lI'IJI'I~'I!~flll'IJV~IJH~:;~UIlIJ'W I,U I'W 1'I1~1'I1'I'IJ'W I'IV1J1~1I1fl1l11J 'IJ'W11'I'IJV~IJl~ 
~U~IJ'W vh'Wv~il' ~:;~'W ll~fi'IJU11Jl1ll 1l1l:;'I!UI'I'lJV~l'I'l~.111~1I~1 ~ ~:;'l1'IJ111Jl~111fll 'I'W 'Ii'~ '1liHl'I'1J('lJlil 
o <9. I d & 4 I 0 :II '1~ I <9. I 'JI <9. IQ d 1'I1~:;IJI'I'I1~'WI'I1Jlflll~ 85% 11lVHl'I'1I1'IJ1Jl1'I11'IJ1 lJIJN~:;IJI'I'I1~'W'WVIJIl~ (mllV 65%) IIl'IlIfI111111'll~IIH 
rvill ~u ('W Vfll'l1UV~l flfll ~ ~ vlll U11111'1 ~ llll:; J I'llWfl'll V~ Hlll'Ii1III '11') flnli m~:; ~1'I111'IIli 1f1111'J 'W l'I'l~.11 
"" "'" .... d';ll 0 " .... ~ d?l~l'IlIU~:;lil l'I~l'I'~ 1I11 ~ ~ 'lJV~1J1~ 1'1 ~~:;m'W '11'1 ~lflfll~VIlIJl~~ 1l1J'W 1'1 1'1 ~'W 'W Vl'Il'I'l'l1m ~lIIJH ~~IU 'W, 
nreinurru ~W lIJ1~~'IJ ~v~1'W ,U'lJV~1J1~IIH'W 1Jl~1Il'i~ 'I1~VJ11J1~'i1''W 1JlHl'I'lIl'1'l~ ~f1ii~l~ '1 ~lrlV~'W 
06191"'>. (1,1 'I'" '1 91 "'" nJ "'G'j91 dQ """" d d, 'I"~ UIIIl:; VIlI mfll'lfln111fll 'W']j1l1l1~:; I'IHlll'lfllll'V11 'I!~1'Wl'IlIl'I'lI'IJI'IVIl~flllJill'l1l'1m1l1:;l'I'lIW'WlV~ 1111
• 
"'" QI " ~ ?I .... ~ 91.c!l <I'd






<L.O"ll!V "" I2.2.2.2 IUJU I'll'll 'Ufll':m I'l'l'if,fU'II!l~[JH 
fll ';iti I'l 'H ~ '1..1 ~1'l11'l 'I..Il'l1l u~il91 ~ fll1~ \11 irill~ l'/I'l U11:; 11'J '1..1 ~ r~fl flU ~~ lll'l'll lH IJH IJ1 ~ ~ 1JlJnu U~ 
11'J'I..I1l'l~lh:;lf1l11l'l1f1Ul11l'l~fI~rill'l..ll'i11lJfI~i'1J1'1..1 mr l~~l'1..1 Ivm:;If1l'lrm 1'H11'11ll~ 1111I1fJl1~'1..1 1~'trlll 
o n U';i ~ m:; 'llllrlllll III'H n iit'1J ~ IJ'I..I u'1J 11 ~ flllI l'l1lu~~ ~ lllJiiIIrl''IIll~ IJ H ~ 1Jill;1JflI111J11'J'I..I ii ll~ 1'1..1 
'II 'I 'U	 q 
m:;1J 1'1..1 rnru'1J ';ii '1J IJ1 ~ 1'W ';i 1:;'1111Jl,rl'l1111';i n U1l'l1';i t'l..l '1 ~lllJfl -h l'l1';ilfllJ 'H ~ lll'ln1'111~ 11 111 Hl'l1l1ii 1 
1 '1Jl'I..I1rl'llIJ1~ 1~11'l1J~11J 1~fll';irl'lllJfl',11 fll';j1JI'l'H~llfll';i'l..l11'lIJH (Mastication) ~~ 11'J'I..I m:;1J1'1..1flWI11 
~ y~ d d ~ y ~ y d.~ ~ 
I'H !1Jll1fJl1'11ll~IJHlI'II'I..I11'l1I1fll1~ !l'llJfI111J';jll'l..l UI1:;~l'1..1fll1~:; Il'llJHVlllg 1'I..Il'lt:l1'1..1:;'WI11l'l>lfl (Plastic 
state) ~rill'l..l~1I1i1Jlll1:; 1'H11 1~ l'l1111';i(l'Hl1llll~I'l'H~lllil'l MI1'l'l..l~'1J1Nll[h~ 1'1 '1 ~1~>lll1~ll~rm W;~' 
.	 ..~ ~U 11'1J111f111 '1..1'* 1J1~~:; fI~ i'1J11'J'I..I1f1f.jtil'l 'H ~'1..1 Vifl ~ ~'1J liill1Jl'l1l\!';i ci iifJllI 11fllllll:; Vi ff1rlilJ~~.ill 1'1J 11 
1. l'l1111';im'1J~IJ'I..Iu'1JI1~~'1J11~ fllll'l1111';i(ltil'll'1', 'H1'l1'11 U>lltiIJ1'1'i~lllri'Hll1~mh~lJ1flul1:; 
';i11'l1~11rlll~fHl Hm:;'l'h 1'li'l..l1l1~ti>l1'1'1  ~l); ~ g~ 500 g~ 1000% lrllll'1J~ 1J1J1ViIJ1Jfl1Jf11';i tjl'll'1'1'11ll ~ 
d $I et""l .<:! I:: ..... " d .1'! ," $I ~ l'I'il1flflI11'l'i1l1'W1J~ 0,5% mruu fl1llIJ1Wlf'l..l111I'll'l'il1fl'll'l..l1I'lnT'I..IH1,!'I..IlJflI1N 1 1111. >lll~llllflllH(l~ 
1,600 U11'1''1..1 ('1J';i:;1I11l1 163 f11l1fl~1I) litll~~l,rtj>l1'11 1 l'1Jll{I91'l..lf1" U.iIJ1~'II'1..111'lI'Vl1fl'l..l.l'll~f11mH~~ 
" JI JI,	 • lVlIJ~ 0.001	 U11'1'1..1I'VI1U'I..I fJllIl'lllllilu'l'h1,r'llll~ 1~'I'i~ll91'l..ll'h'l..lihl1~lflIJN 1lJ~fl'l11111IJljjllU 11111~~1'1..1 
dd	 • 
nuus~ m:;'l1l 
.<:!..... .<:! d.....	 44 <9. ..... dd 
2.	 11 111~11l'll);~ UI1:;lIm111U'II~fl1l);~ (High Stiffness) 11llllJl'l'l'i';ill'l'iI'l>l11flll'l'i 
.. ~ ~ y, d.l ~~'" ~ ~ '" 3. rrun r o fI '1..1'11 Il'lll1J1n11'l1';i 1lJ1 n 'If~ Ul'l>l ~ fIIIIl'l1l1J'1.11'1..1 f11 ';j';j 'I fl1U 11:; n n m:; 1.1 ~ , 
(Rebound) 'IIll~lJ1~ 'I111,r1J1~11'J'I..I1>lq~I1'l'l..ll'l'1J~ ~ll~l '1..11'1'1 
, . 
4. l'l1lJ1';i nn11m/; '1J 11~UI1:; 'II'1..111'l1~ 111~liill1Jeum ciljjIIU';i ~ flllJ'I..Ill fl'l'i IJ I'l m:; 'I11~~ U'1..11J1~ ~ ~ 
'U'II	 'II q 
11'J'I..I1f1(l~1 fflJ';i'1J ~ 1'1111,riim111 I'l'i1l1:; rru 1'1..1mt111~ 1'1..1 ~lJ fln:;m:; '111 mh~ l'lJ11l'lllll 
, . ~lfl l'l1lU~~1'1..1 mrtil'l'I'i ~'I..IVi ff1rlilJl1'~ 4 '1J';i :;fln~ sn ci11 mr H~l'1..1 'IIll~HI1flflllI 'l1~ 1fllJ1~ ~~ 
ll1~mj~ 1~11'l'l..l 2 I1fllllll:;flll 
, . . 
fl. l~lY1ll~1Jfll';i:;m';il'Jm)'I..IMurifln!1JUH 'I'i~llU1'1'iUfll1'~UH~~ UHii'1'l 'I'i~llUHliill'l..l
. , 
1'W ';i 1:;Hl1>lflIII'l11J1~ tjl'l 'I'i ~'1..11'1' 1 ~UU1'I'i Un 1~1I 1flUI1:;l'l1111';i (ln l11Jfl'l..l ti~ 1111 ~ U11:; 'II '1..111'l1~ 111?1l1''1..1 Yi liJII 
1lJiif11';im:;'I111>l1J1lJuflfl11fl 'I'i~lliifl'llll'l 
'II. Hlitllfln ~1J~1'1..1~1~1J1iill~fl1Jfll';ilfl~ll'l..l~ ~uHm:;'I11u'1J';jfl1ll~l'll1lll'lnI111'1i'l..l 1 'I..Il'h'l..l 
..A dd..<:! 4. ..... 111 ..... "1 v ~,.. "" .dI
'II II~ ';i:; U1J rns Ifll1ll'l..l '11 '1111 f11 ';i IJI'l 'I'i I'l nnu 1'1J fll11J1I1 '11 1 'I'i l'l1'1..1 '1J ';i:; n au '1..1 '1..1 ~:; I'lll~ 11m111 l'l111 n (l'l'i ~:; 
I	 , , , JI 
j11~IJ'I..I';i'1J1N 1'1J1I1>lll1 1,'1J~'lJlld>ll1lll'lnl11.i"lJm111i'iVi1lJl'l ~~'I..I1f1'1..1 111 flm'1J~IJ'I..I ';i 111 'I..Il1fllllll:;I'li'l..lU
'II 'U	 ~ 'II 
?I <9. <9. QI ....... ?I ... <9. 1'''' • ,...d 31,.. I..A
 1l1~11J'I..Ifll';i1J1'l'l'i';ill'l'iI'l>l1 'I'i';illl1J'I..If11';i1JI'l'l'i';illf11';i !fI~~ll l'il'l..l 'l'im'l'i'll ll~UflllIJ1~11lJ';j(l IJNII'l'i'l..llmll~ 
31 I 4'" d 31,.. """"",.. ....... I dd..... <::! ~ "'" J ... "
QI
IJN'IIll>lll 11Jl:;'I'i';i lll'l'1JHIJ1~ 1\'J'I..I flU 1'l11Jl'l1l1JflI'l1'1..1f11';i 1J1'l'l'i~'I..I'l'illl1fllllll:;I'lI'IJ'I..I'Wlfl'll'l..llll~ HI1>lfllll"l1 
..,q """.l..A 1"'''''' 31 <:t ~ .d ?I I..... .d d ~I1J1~~~(lflHI1I'l'll'l..lI'Wll 'il';i1JUHm1111fl'l..l Ul1:;m1111mlJl'l m'l'iI1J'I..IU'lJ1JlllJfl1J'l'i (Static load) 1111:;'l'iI1J'I..I 
•• • 
IS 
~.d ~_:it .... d ~ ~.a <9.9 .d 
uuumneun (Dynamic load) I'VW1Jll~f1'lJfl11lJIl'I'lIl11tJl'lJ ~ lf111H'VI1Jlll~ ~lf1filHY'lJl'I'~I'VIll'lJ l'I1m'lJ ll~ 
•fml'h~ll1~lJlJ'l1lf11\UU'lJ '1 
~v QJ QJ 
2.2.2.3 lnl1Jl'lmUf1l11lJ'fUH~lU'IltHtlN 
lJIIn~ lf1fJ\U 111~ 111'lfU$I1'lJfl11lJ thll'l ~'lJ f1~ mh11Jlllll'1 IIH iJ~ Ul'I' fl ~fl11lJ U~~ U1 ~ 'VI 'lJ'VIl'lJ 111 'lJ 
mil ~1Jlf1lrllllJ111l1.fi~ 1'lJlvill1lJ fll1~ ~ tnmt m~'I11'IJ esn1~ fllll'lJ en ml l1fillll N 111 u 1l'1'f] ~ l'I'l1Jl1 ()1lJ 
• • iI iI 
'Vi i1~ ~ 1'lJ11ll11'1u f11M'Q;~ii"lflli'1ll11l1I1lJl ii IIlJnmJ ll'IUf1'IJ ll~IIH 111~~111 'lJl'I'1J1:r~ $I1'lJUM~ lf11111 
Yi~11\Ulril'Vi11~~1'lJ~11'Vil~ (Specific Energy) l'I~llfl11lJl'I'UlUU'lJ'lJll~'Vi11~~1'lJ(Energy Density) ~~111'lJ 
ri1'Vi i1~ ~ 1u ~ 1n1111Vfll'l~ lll'l flf11~ lll'l'd~ l'IU111Jll'I Uf1'IJ II~ IIH U~~ 'Vi lJ1111N 11'1 u 1fl (j~ iJri1'Vi 11~ ~ 1'lJ 
, iI iI I ~ 11'Vil~'Q; ~1Jlf1U~~'Q; ~f1111fl (j V'lJ '1 'I1~l'IlJflUll1'lJriliiu l'I'fl~'Vil1~~ 1'lJl'I'll~ ~'IJ ll~ liN (Elastic Spring 
Energy) Ul'I'fl~111fl~1 tJ'lJ1fl (j~111'lJ l'I'll~ ~ ll~ull'11 flll'6nlJ'lfl~ (ll'I~f1l'1~ IIhl'l~ijl$1iJfl11lJltJ'lJ l'I'll~ ~ 
lflll'6nlJ'lfl~ ~ ll~'l11lJ ll'IcimtJ'lJ 'lJfllfflfflll'lJ~~~~l'I'l1Jl1()1lJ'Vii1Hl'lJllll11'1 'lJ~11$1) lrlm1l511uliillU 
nU1fl(j H~1'lJ'VIN11\'1m1lJg'lJ'1 ~~111'lJi1f1'1;1\U~Yill\''I;I'lJll~IIN l$1.i'~f111 N~ 2.2 




ll'Ia f1l'1 ~ II 
= d d 
llit: ~lJI 'lJIIlJ1fl 
• 







~1f1f1 11 N~ 2.2 Ul'I'fl~ 1lrl~'lJ11 'Vi i1~~l'lJ~IINflf1f1fi'lJ 11'1'lJ11l'IJll~'Vii1~~1'lJ l'I'll~ ~jjft ll'1'~f111 
1nl'l~l'I~lll'l'll~ ~ 1nl'lit:1Jlf1lrlm1l1I1lJliilllJ~fmrl~l'IU1I1Jll'IUn l'IlJll1fl11lJ11 1'lJ~1'lJ ll~u~J'lJ f111 H 
.<:>. I : .... .<:>. .... tI lI)!lI .... Vd V I.... olJl91 
l'I'llHIIH ~~ 'lf111~fl'Ull'l 'lJf1'IJa~ H~f1fl\U 'l'l~~ Ifl1Jlf1 U~ ~II~ Ul'I'f1~ ll'1ll'l 'lJfl1111111N1UUH m ~'V1l Ifl 
~ I I • ~ 
'Q; ~ l'/flt.i'liJ'lJ iJ'l11l'1Uru Vh1f1(jV'lJ lf1l1ii~1lJ'lJ 1l.i\Jf1'111~ 111 ~1mil~iil~'lJ n11l.fil'l'lJU~$1l'lJU 1$1url f111 
1.fiIlN'I11I1N1ll~U vl'lJ If1~ ll~ (Mounting) 'lJll~If1~ll~~m l'I~ mf1~ll~II'lJri" liN n'lJ m ~U 'VIf11fI'l'IJ aUl~ll'lJ 
l'I~llvllliill1Jl~ll (Dock Fender) IIN~ll.illillli1~ (Coupling) IINn'lJ'lflJ IIN1ll~l'IlJll'lJf1ll'lJf11f1 liN 






5'l d '.09 It) !Va. d. Cj ~ 0 .... '" <1"';'991 d"", .c:\Q.I 
~NlU'W 11'1t.}'I'l'l'l'W'I'll'Wl'Illfll1l'ffl'H1ll 11'11'1 l'HlJl~'I'l~~ 1'Il'l'llHl1l'1fllll'1'1'1'l 1'Il~1'W 'I'llJfl11lJLl'f~1'I'I'l1'W 
I 'JJ j,I Q.I d.l j1.<:! 91 "'" <!t j1 I ~ j,I '" -e l~,p..l1'll'W()l1'll'H'W~ltJ'W'Vl'W 1ll~I'l'll~~lJlll~h~1'WlVW~U1~lJllll 3 Ll'Ill'W III 111I'1llfllfl!lfllJlfl'W an 111'1111 h'Vl'W
• 
, .09 It) 9/"'" I.:..... 0 iii j1 iii 91 J .c:\ .... dd.~N ~~'I'l 'W'I'll'W I'Illfll1l'ffl 11'I1'Ifl11'Vl 'W '11 'W unn 'I'll! 'Hlll~fll1 !'Il~ 1'W 'W 1'W ~ 'W 'lu ~1lI ~!1'I~1fllJ'I'l1lfll1 
..' .,~ dd, 9~.l ~, ~ , d., ~ ~ .. .. ~ , • ~ ~_I .1~I'I'H~'W 1111~fll11f1~~!lI'l'l'l'll1~ 1'H'Vlmll~I'l'l1'W1I 11Ill~~ 11'I~'I'l1IUL1IllL'Vl1lU1lJllllL~lJlI'I11~1 nnnnuu 
,.s .d..l .,.. G) '" 91 d _ I w ....""'lIt j,II 
fl11lJ'I'l'W 'I'll'Wl'Illfll1l'ffl'H1 !l~~I'I~'W I'll'll l!1'I1~N1IW'W1'I !'W 'I'lNI'IHfl'W ~ llJfll'fllJ 1111U1lJl'f1llJl'I 1'11 ~N 
d.l , .. ,.1 d • ~ p., ~ _I _.I ~ ~_I" , 1I1'Wll~~l'fflmll~1~~'W fll'fllJl111'1'll1~11~Wfll11I'llJl'fl1u1~lfl'l'lIll"lf1I'1l'f (Factice) M IUll'l'l'WI~lJll'Il I'll'll 
o . I .... '" .,.. d9 91:iJ j1 .s It) !Va. d"'" IQ.I .,.. 
mmurunu 1'11ll~N Hl1l'1fllll '1'1~N'I'l! 'Il~1'W ~11'W fll11'11'W 'I'll'Wfll1l'ffl'H1ll Il'Il'Ifl1l1'll'W ~N111 ~'WI'I 1111~ 
~1'W~'W"'~'W '1 ~Nl'fl~'Vll'W~Ul'h'i l'fl~'Vll'WlllJ'W 'H1lll'fl~'Vll'WnVl'W 11l1~l'fl~'Vll'Wlill~~~~~~ll~ 11J'W~'W 





.:!I. .... <!!l l.s ~ ..... Q iii 0 I 0 'I 9/.... 91 lr) !II<=! 
11llllJ1flfllJfl111l~1'I'H ~'W ~~IU'W 1l'f1'l'l'll'HlJl~l'f1llJlfl! 'Wfll1'1'lll'fl~'Vll'WI'IN '1 'I'll!ml'll1ll11l1~I'Vll1l 11'11'1 
~ ~ d9 ~ .. ~ d .... ~ ., v 
flH111'1 fll'll'W~m1~l'f111fllJ 1'Wfl1~lJ1'Wfll1Hl1l'1~~l'Ill~lJfll1Ifll1lllJ 'H1ll'I.J (Lining) 11~ 111'H~m~~N 
Q<=!' , 4.... .:!I. .:!I. I dt<ll9l?1 " 'I'l'Wl'f111fl1lll'f~flll'W I'll'll fll1lfll1lllJl1~ (Tank lining) 'H1ll1flMlJ'I'lll (Tube lining) l'Vlll ~'IllulJ'I'l!ll'f~ 
d , ~ d .. ~ '" ~ _ 1 .. d ~9' d ~ ~ , 9 ~ d 
l'f111fl1l ll~N 11flm1lfll1Lfll1!llJH1'1'l1Jfl11'1 lll~LlJ'W1l'fl'lu1~lfl'l'lll'W'I'l1l !'Il~l~flll'l Ill'lfll11'1l~N~~lJ
• 
fl1 un '1111 1~l'f1lrim 1'W ~ fll'll'W~ '111m, llnfll1 ~m~~1'HI'lI'i1 '111llnfl111fI~ ~lll'Vl11~~ l~ n fl11lJ VI'I '11 Q'W ~ 
2.2.2.6 tT'lliWi~l'llt'll'\JtH(JH1'1ltm1,rHIJ 
•1'W~1'WflmiJ'W\ii'1u1~l'flm'J'W 111Hfi fllnll~N1I1'I'hl1'J'Wfll1~N L'Ii'W fll1~Wli€l~~1'I'H1Il~ rm 
1'W fll'Wfll111J 'W~ 'W 1'W 1v1~1,:r 'W 11J'Wfl11141~1'W1'I11ll'f1liJ~'I'l N 1 vJ~l~€l~ ~l~finl'ffll'Vl~l'W'I'll'W 
~_.L~ .. 17." ~., d ~ ~ ~ ..~.,., , , 1l"ll"l1l!~11~ 10 1€l'HlJ-'Il1Im 1Ifl111l'l'l'W ~l'IllLl1fll'l1fl (Dielectric strength) l!~11~ 4-22 flll1 ~1111'11'1€l 
iJl1i111l1'11 l'f11l1111141~1Il'flmfllUl1 1vJ~1 1f1~ 1I'1mllm~l'fl~~ijfl111l~€l~fll1fll11f1~~€l1l1fl 
1'W fll'Wfll11~lJi'fll;ll~ ll~l'H 1111111~llfil'fI1'J1J fll1141flllll'f1liJ~ $11 'W ms iJ ll~ ri 'W fll1~1I~1'W ~ ll~
• 
., '" ~ ~d , 9 ~. ~ ~_I .... 9 ~ ~ 9 9 .. ~1I111f)11~ll~l'H1111111~llfll'f11'11'1 I'll'll 1'Il'l'llIl'fulflfll'H1Ifl'1l1l !'ll€lllJHlIlJlJ€ll1\J'W mu !lJl1ll 




2.2.2.7 tlHIi"'U'lll~ (Natural Rubber,NR) 
o<!l d9'JJ =?I lI)'j/o<!l 'j/ 1 ,d"", 'j/ <::\dt 0'1I ~'lf'Yl ~"Wl~li11lJ'lfll'ltlJ'UIlJV'UI'l'U'IJ'Ull'l m\!'Yl11Vn1ll'l'UVN~nllJ'lf!l'YlN~t]nllffll'fm11 
d,d, "'" <::l. oJ ''''''<:::l. I 1 ~_I = 1'JJ':: \II ",..,,'j/o~nvm19HHlW'U(Hevea Brasiliensis) 9HUl'lll'llJlJ!l~m~1~ 'U'Yl1lJlHlJ101 1'l1'Yll'U'U U,,~ Il'llJrj'UllJl 
• 
U"n1'U'Yllumt9im Ift~ U!l'l'l~01 nU!J 1O1ffU'11'11 f!l'U:jIm ~ l'HlJl~ ill'llI'lln111~~ til I~ 'II 11'l'IJ!J ~.I' 'UVN~ n 1 
•• u 
•• = ~ ~ ~ 1·'\· '" ~ = =~ • ' 1'lf'U ~'UutlUnlJf)1m!lI'lfVI'l~l'U!l!lm\W~ I'l'll~ ~'UlJ~~U'Ul'fllJl1tlH"I'lVNlinlJ'lfll'l Il'llJlnn11 90% 'IJ!l~. , 
..ll 'j/ 1 d .d 'j/ d : .<::! ~Io<!l " 'j/ 1.: 
IlJ!lI'l'UVN ~l'lll'llJ'YlU"1'lfl1l'f1'U~~lnU'U1VNII'lV011ml'lllJ"!ln'IJ!l~"11'l'U(Tapping) 'H'U1m~ 
\I) eS ': d\l) !lJ.c:! ~ 5'1 d, I 'j/ ': .<::! ~ d v 'j/ 
l'H"'lIlJ!lerun 'U1Vl~'Yl II'llJ" nlllll~1'II 'U'IJ!J ~ l'H"1l'f'IJ11'IJ'Uf1ftl V'U1'UlJ lJn" 'Uneum n 'U!l VU1~ neumv
• 
d , : ~ =QI QI .<::! .x d J OJ QI 0'!l'4f)1f1m~lftn '1 U'lJ1'U"!lV!l~1'U'U11u"nlllll~tllJ"'lf'U (Emulsion) lJt'U!l'IJ!l~U'IJ~ 30-40% 'IJ'Unu~'U~ 
'IJ!l~I'l'UVN m~'IJ!l~I'l'Um~ u,,~t]~01" 
f111UU1 ~ UUl VN ",,'d'] 'UVH ~ ufl 'HftlVllnlllll ~ ~ H '1 tl'U fi!l!l ~ 'lul U 'IJ!l ~Ul VH~ 'U 
(Concentrated Latex) 'H1!lVN~UUM'~'lfiJl'l\lh~ '1 Hiun m~u~'U1lJtl'l'U (Ribbed Smoked Sheet, RSS) 
'&'j/ .<!l. ?lil4 m~IIH'UH~um (Air-Dried Sheet, ADS) Vl~lm't'l'IJ11 (Crepes) 'H1!lVl~Um (Blockrubber) IlJ'UI'l'U l't'l!l 
, , . 1<Ut1'1'UlI'lQ~uil!l'U h~~1'UH~l'lnlll'l1Vl~U1~ln'Yl~1~ 'l1'li'U mntlv'Ufl' vl~lilHfl1!l~lj'U ii'U!J'U'I'l!l~lh 
jJ jJ I , 
Ull~ 1!l~1 i11Vl ~ 11'J 'U.I''U '11~ iJ 1,j!J~ ~ 1nvNfl l'flJ U~Vilffll Ul'l n\lh~ ~l nll'ffj li'U '1 fi!l fl fI 11 lJ1J1'l 'H~'U ~ 
jJ jJ tJ tJ 
'U!ln~lniJiJ~fll jj!lYiUl'fllJntltl'UU1Ull~m01ff1~1M'~1'U 1~II'lV~lV Bn'l1~ 1~ ueu1Mm~ul'f 1'I'lvh1'Hll 
. , ~1 'U.rnJ'Um~~~I1'J 'Ull'ffjiiflu1~ lv'lfullft~flfJIIItillJ1n 
Vl~ Ii 11 lJ'lfl~ I~ 'Urn ~~ l'HlJl~ ill 'HI'll1<UH~l'lll'l QiI11~ ~ l U 'li'1'lU~ 1 ~.I'!l ~ O11l'flJU~Vi Iffll 1'Ii'U
., . 
f1l1'Yl'U~!lUllJ'U 'H1!l'Yl'UA!lfl1llJf!l'Uii!lIll'Hnul'f~ '1 li~ll1i'il1uiJ ~~U'U ~~flO1m~I'lVNff ~Iml~tl';jw 
q OU<u q 
'H111V'lfiJI'l UAU~lJllll f1l11 ~Vl~ Ii 11lJ'lfl~ IY7!lHlll'lll'lQill I~ ~ l Urn ~ ~ iJ~ lj~!l g 
1-d!l~~1 nVNIi11lJ'lfl~fll'flJU~~~'HlllVU1~ 011 fi!l flfl11lJ.I'l'U 'Yll'UUH~~ (Tensile Strength) 
Ull~fI11lJ.I'l'U'Yll'UA!Jnnil n'IJll'l (Tear Strength) ~lJln flfl1llJl'fllJl1tl1'Unnm~I'l!l'U (Resilience) lj~ 
<:t QI'" "'" ... QI <::l. "'" 'j/ ~.cI. 'j/ • .:S I d <::\ 
lJl'flJUm11 'UV11'l1'l n 'Um~ I'llJ1n O111nI'lfl1lursu l'f~ l'flJl'll U,,~ lJfl11lJ1'l1'UmuI'l!ln 11'l1lJHl'U'IJ!l~U nl'fl'l 
'_I ~ ~ 2.2.2.8 tHfllJ1~fltJ'IITlHlfl'U'lJtJ~tlNIi'1'U'llll'l 
=~..l ~, ~ =~ ~ ~ .\ ~. ' ~ VNIi11lJ'lfll'llJ'lf!l'Yll~lfllJ1l ~~ll!!l ~'lI~1'U (Polyisoprene, (C,H,),) 'lI~ II'l~ln'H'U1V'IJ!l~ l!l 
1'l1~1'U~!lf)'UUUU,r1A!l'H1~(Head to Tail) llnlllll~I1'J'U cis - configuration .r~lU~ 2.12 
• • • 
• • 
18 
, ~ "" ~ ""'.<:t ""'i!il .?II 111'lJtJN'6nlJ'lfl'l'lf'lJ~!l'lJ 'l1'lf'lJ V1UnV (Hever Rubber) lJ tflH1111~llJ'lJTrans I, 4 
~ _, _ d~ • ", 
Polyisoprene Vl~fli'l'l1IlJ!l1'lfl (Gutta-percha) 111:l~Vl~lJl1:l1i'11 (Balata) lJ tflH111NIlJ'lJ Trans I, 4 
~ !\oI "" "'" Ii _I c:! I "'" I "" Polyisoprene (Trans I, 4 Polyisoprene) 'Il~'l'lJfl'l'lllJ!l~ 'lJlJ1~IVlfllJlI1:l1'1lV111'lJlJ11:l1'lllJ!l~U1nlU 
'lflV~~'ld''lJ!l!lmu V~ 11111!l'IJ!l~ VI'hJ !lllJ1f11 i~ 111:l~ i 'lJ1J1~ 1VlflV'lJ 1 ~ill OVV ~~ ilJfi !lVlimllJlT1fli.1J
. , 
'l'lJV11~f111 t11lJlf111fllif111 'l-1! ~ 1'lJU'!lVll~ l~ lJi -1!vh'il 'lJl'lJ ~lJ111Vlfllli1:lMUl 11 ~ ~ U'lJi -1!vhVi ~ lJlJflfl !llltl 
101 "J,I " lm~f111';;lflj.jlJN'lfiJ~IVhl1'lJ Vi'~ill'l'm~U1Vl~ln'lf11111~~~1 it1l~ llJlfli 'lJ!l1f11fl 
2.2.2.9 ,.h~ 1i1'11'IJtl~!JN'611lJ'II1~ 
• 
• q11) tl1!JN'611lJ'IIl\1\ (Natnral Rubber Latex) 
: dlll!\ol !lJ .Q<:! !lJ : <:! ~ d!lJ 
ulVl~VI l~ ~lfl'l'lJ VN lJ11'IJ11~I 'lJfl1:l1 V'lJ1'lJlJlJnnu'H!llJran 'lJ!lV mllJ '11 'lJ111uI 'lJ1J1~ lJ11U 0.975 
• 
"" 1 ""' .... "" "'" I 0"" ''''' .<!l, , 
- 0.980 mlJ'l!llJ1:l1:l1:l'l1 lJf11 pH 6.5 -7.0 'lJ1Vl~~~lJ!ltlfl1fl'IJ'lJ1~'l1~'1 fl'lJll'IJ1'lJ1:l!lV'H1!lm~~lV!l~ 
9 "" .d 5'l ,.! "'" 'JI I 0' d , ~ 'lJ'l1fl1:lNVlllJ 'lJ'IJ!l~l'H1:l1 (Disperse Medium) 1~ V!ltlfl1fll'H1:l1'lJ ~~lJ'IJ'lJ 1'l111'lJ ml:J''lJVfl1:l1~ 11:lflf111 5 
~ d_' '" .. ~ ~ ... ~ • , ,,:
tlJf11!l'lJ 111:l ~lJlJ 1 ~ ~llJ u1:llJ'Il~ r-l1:lflfl'lJ 'l1:l!l~ rirn~ ~ V11 ! 'H!l'ljfl1f1l '11 1:l1'lJ 111lJl1 nu'IJ 1'lJ1:l!l V 111:l~fl ~ 
11I1Wll1'J'lJ VN I'll1:l1!ldi~ 'lJlW ~'lJ fl1n~ lifl11~U 1~ f{uuun ~ 11 ~ ~V~l~ '1 lJ11lJ fll'lJ ~'lJ vh i Mln'lf111 
11J~VWIl1J1:l~ 
U1VNliliflj.jIU~I~'lJ11111:l~1:l1Vfl!l1:l1:l!lVI'i' (Colloid) 'lfiJ~Viliull1'JW ~l'yh1:l~1:l1v (Hydrosol) ll~ 
II :II ~ ." ,,.. 
liliflj.j 1U~';;lflj.j fl!l 'lllVN li liflj.j lU~tll fl~1:;'H 1N1111 Vi'lf!llJ'lll (Hydrophilic) 111:l:; 1111 Vi 'llJ'lf!llJUl 
• 101 ,.. 101 , 
(Hydrophobic) ll~liflj.jIU:;Vi ilJ'lf!llJU1~:;II'i'lJi~fl11 u !lfl~lflilU1V1~ V~1J1::fl!llJ 'l1Jt11mY1W Vi ilJioJi 
V1~ i.rlltl 1111'l'11fll1J1~W1l11:;m~!l:;iJ1'lJi'IJlJW m11lJi!Jl'l1'l1l1:l~!lWlJ1:l'IJ!l~ lm1:; l1'J'lJfi'W,. 
, v 




1J1:;1Vlfli VI V111lJl1tl r-lli'lVl~1l~'lJ1lJfl1W 'lt11J1 ~lJ11U 80% 'IJ!l~ V1~~lJVir-lli'l it1Vi'~l1lJ ~l'hW 
'Ill 'j1 d.J 0 : I ef 'j1 d , .<:>. III I ""i 11i.1l I~ ~ 1fl111'lJ tJN 'IJ 'lJ1 'llCl n 'Il~~:; m f111111J n1J'lJ 1VN 11'lm 1:l1'lJ i 1111] u Vl ~ llr-l'lJ ~ lJ IlJ1lJ fll 'lJ 
(Unsmoked Sheet) 1~WU1Vl~Il~'lJfilJ~ it1lJ1~~vh tMll~'lJ Vl~~ iA'limllJ~'lJ1:l'l1:l~ l11'HflJf111~~i'lJ 
• • • 
• • 
19 
•d .. ,'\I8~1J1~J\l~~~~1Ul'f1U"11.,uw~ntll1~lfl '\I\l1., ~'I1~1~ f111lJ'I1\l1 f111lJl'f 1'lf8~11.J\lUN\lU1~ 
, . , 
mJ1!l'flJ8 '\I8~9\ I'll iJ~lflf11n lJf11\l f111lJ ~\l iY~U 'I1l1fl'l1IWlJ I~\l ~u 





- U1~UH\l~lJf11\li'\l 1 WlfllJ 
l1'J\lU1~UH\l ~lJf11\l ~jjfll~ f111.J f1lJfll~ N~.,mh~l~lJ ~ 1fl (J8\l UNUvll1 ~ (J8\l #18 ~ 1~~\l ~1 1 ~ 
• 
1/ , I II 
'11 ~lfl!l ~fl'l1~8~1~ 8U'\I8~ u1~\JmlJf11\l lJ1f1ln\l1 '11 UH\l U1~#l8~Ul1'~~ l'f~ 81fl ~lJf11\ll'fii1!l'flJ8Yi1't1~ 
UH\l'l1~lfl~lflvl8Hllf11fl ~~l'ffl'l1~fl "Mfl~\l ~ ~U'I1l1fl'l1118lJB\l '1 
• 
- UNUH\l~lJf11\li'\l1 
~ ,~~" ,.1 ",_, .. ,% ~.. ~ d ,,_, 
fl8\ltJNn"11~fl8\lfl8~IlJ'\I\l ~1 IlJm1flmfl'l1 ~8'Y1n8U'\I8~U1~\JmlJm\llJ1fl'l1ruu 8Utfl\l !lJ 
, • II I • 
u1~#l8~n M~~ l'f~ tn fl ~lJf11\l l'fii 1!eru 8Yi1Yi~UH\l '11 ~ 1fl~lflvl8~ 81f11fl iY ~ nml ~ fl ., 1ltlfl ~\l iY ~ 
u'I1l1fl'l1118lJB\l '1 
• 
- tJ1~UH\l~lJf11\li'\l 2 
•(J8\ltJNjj~1;j\lMih~ nvl#l8~1~ln\l 5% nH\lU1~jjvl8~81fllfl-U1~ nvl'l1~lfl~lfl~8~~8tJ'\I8~ 
f11~\JmlJf11\l 1~l'fJ 11l'flJ8 uN#l8~nM~~ l'f~81fl 1~jj~fl~N'\I8~~ ~l'ffl'l1~fl'l1~8~ ~U'I1l1fl'l1118lJ 
• 
- U1~UH\lnJf11\li'\l 3 
~ d .1" ~ ~ ,~~ , d 'd' •.1 ~,~ "'d fl8\lU1~m1'\1\l !fl1.J1~ U""8~ unnu 10% nN\ltJNlJ~flfl1~Ul1~""8~81f11fl1.JN U""8~ !lJlJ 
~8~~8tJ'\IeJ~tJN\JmlJf11\l 1~l'fJ1!l'flJ8 ul~#l8~nM~~ l'f~81fl 1~jj~ ~U'I1l1fl'l11181J 
• 
- U1~UH\l1lJf11\li'\l 4 
• 
- UNUH\l~lJf11\li'\l 5 
,.. " 
2) UNllfl'Ufl~lIm (Air - Dried Sheet, ADS) 
Q.I e!t I 31 Q.I Q.I• I ""­
'11 \l ~ l'f8lJ 1., ~ 111\l l'flfl11 11fl1Ufll ~ ~fl'lf\l fl !lli11~ u 11~ fl1 ~ '118 UNti ~ ~ lJ'Il1" (International 
.-.!l I .d""'oCIGl ~ "'" Standards of Quality and Packing for natural Grade The Green Book) 'I1lJ1Uf:l~ "nN\ltJ1~'YI1Jl'fIl'f 'lI~lJ 
.;ru .,8\l f11 ~ N~., I'!i\l!~ tJ1n1.J UN UH\l ~ lJf11\l 'VI rnl ~ ~ f11 ~! V1 u~n~ ~~ #l8~ jj f11 ~ f111.J fllJ u vi11 ~.;r \l.,nu8 tiN 
20 
v 
fll11Jfll1'W l'll'W ~mvJllflffl'Jjl~lJlJlu'li'1l1vJl1' (Sodium hi-Sulphite) Ull::ffnn'Wl~llHVml 1'W lf11 
Vl'Wllll (P-Nitrophenol, PNP) 
3) !Jl~Ifl'j'" (Crepes) IJNlfi1V1~Nf;fllf1lJ~1'1,tJUU~l~'W2 vnfl fill 
.d "'" : lIJ 'j) I "'" d dllJ.",,­
fl. IJNlmVl'l1Nllfl~lfl'W1IJNffl'l ll'lUfl IJNlmVl'l11 Ull::IJNlmVlff~NltI'WIJN'I1llJlJff11ff
. ,. 
.Q 
ll1~ll~ m1lJl~Nf;1'I1lJ '11 11l1'IJNiiffm1l111lliiff.ll iiflnVi~nI\!1r1l'1l~llfl~'W{IJNliH1'Wfllmf;fIUl 
.dcvev'jlo<!l GJiJ""'.l 'jJ """"'i""'l!JClJl!Je' "'" 1Jl~'I1~Ufl1I'1ll~l~ll~1~ !l1lJI'WllIJNUlN 20% IfllJ !'Jjtl'llJlJ !U'Jjll !vJ'I1 Ull::ll'nvJllflll' 
'I. IJNlfi1V1fil\!fllVl~1 1~'W1J1~~UllJl~lflIJN~IlU.r1Ul\'1I'II'W lffloJlJ1~ 1'W m ::U1'Wms Nf;fI
• 
, , III , 10' 
.d. , V <9. CIJ 'jJ "'" I> <9. 'jI I> Q,I v "'" 
'II\!:: 'I11J1~ m'W 1'111fi1ll~ ~ m flll~~ I'I'W llJ l~ flllllfll1111 lVlll'l5::111~ 'I1lfi11lJ ll':: llll'l 'I 'W flll'W llfl 'I111J ~:: 11'11J1~ 
OJ' .. ~""~~ ..lU'WUN'WlmVl N~ !11l1l1~ !'W !HN~ 
•4) tlNUm (Block Rubber) 
I d do: 'jJ "'i oGJ:i/ d':' d 'j) I> v 
IJNU 'lHltl'WIJN 'I1'11l~lfl'W lIJ1~UIl::lffloJflll'WIJN !1'I1J'I1l!111J1~ltl'W 'l5'Wlllfl '1 U1l1'WllJlllU1'I11J 
fi11lJ f II 'W1 l1'Ul1'~I'i II ~ 1mY'W ~~ 81'1 11'J 'W mi ~ IJNttvi~l ~'W IJ N ~ ii fl n 1:: l.JrJ I\!fllVllJll'l1 ill'W ii fl n 1 ~ 
lfi1ll~llflW1hlJl 1~1 'W ns::U1'Wfll1 Nf;fI un~i1mim1'W ll'iilJ ll':: 1'11fl1'W rnr-u 'W i ~Ull:: 1~~ 1'W 1J1 ~llvi ~ 
• 
AI lIJ ""'4 """ ""''' 'Ill~lJ1::1'l1ff!l'llJlJ'l5!H11Jf111lllll' 'I1lln (STR, Standard Thai Rubber) 
5) tlW:r02J (Skim Rubber) 
"""~""" : Jld':' 'jJ. C1Jd 1IJ'jJ """:IJNll'fllJ1U'WNllflNIl~rrnruu llJN 'Jj~lJl'WllIJNUmlllJ3-7% ll'Wltl'W NllVllllllJ ~1'I~lflflU Nllfl'Wl
• 
" ~ ~ ~. : ~ ~ d~" d d~,~, .1.1 ., ~.I d .. 
IJN'I'WmsNllfllJNll'fllJ !1'I1J'Wl11N 'W lIJNlJl~UmIJNl'l !1'I~::lJll'11'11 !lJ !'l5IJNlJ::lJ'W ll~ 1'l5'W !lJ1f1'W'Jj ~ 
e 1" d": d • 1~- • ~ " ~ .K d ~ ~ ~. 1 ~ ~. '~ 
'I1l 'II IJNlJflll 'Wl'H lJ'W Ull:: lJ!]m mrnmt !11IJNfi~~tJlf1I'1'1'Wl11 !1'I1Jl'l1!lJ IJN ll'fllJ~:: Nllflml1'W llJ !'W 
~ il 'Ill~IJN IIvi~ Ull:: IJ l~ lfl1 VI 
'" u6) !Jl~fi112J'I1'1!l'Ifi~1'I1 (Viscosity Stabilized Rubber) 
"'" .1&:1, o<!I ~ ... dI z "'" d "'" II 
IJl~ 'l5'W1'I 'W lJ fi11lJ 11 'W fIfll Ull:: fi ~fl1 'Jj~~:: 'l511J1l fI'I 'W fill 'W rnr U1'I1J1~Nll'lJ ll'111filJ '11 l11J rrn ms 
UfllJN1l1'iilJ (Mastication) ~::'I111l1'tJ1::11IJflVll1~~1'W 'lurns Nf;flNf;flnl\! 'I1'IJN1fIlJ~ll'lJUA'I1l~flllJfllVl 
'Ill~ Nf;flnI\!'11'1J1 ~ 1lJ ltJ~ IJ'W UtJll~ IJNVl1flOii111111J'l5ilfI~ 11Jn'W 1'II'W 
- IJN CV (Constant Viscosity Rubber) 11'l'W1J1~~iimllJl1i1l'1f1~~ 
- IJN LV (Low Viscosity Rubber) 11'l'WIJl~~iimllJl1i1f1~1 
~ 1:i1 ............. .d d.4" "", ... ~ "'" OGJ'jI
1J1~1inlJ'l51fl~:: l1ll'lJUfll'l5~flllll'~ l'Wll~ ~ lflllJll'JfllJflllllfl !lJlllflll~::111J~fl1lU'WreruIJU'I1l !11. . , 
'jI ~ .......... dI. "'" I ... .,..9,
 fi11lJfll'W'I1l'WUHfI~~~ ll'lJUflfll1fi'WmUll::flUm::l'Ill'W (Resilience) ~~f1111J1~ll'~lml::l1ll'W '1 ms 
9" "'" I tI d AI<vAI ......","'"





q ~Q.1 "".<:1 I .... _I 0 .<:! :.<!t V1~ !YltI'IIW VHnnJ'II1tllJ~tlmlWtl1 (Softening Point) 1J~::;lJ1W 120 C lJIl11lJ'YlW'Y11WW1mtll~V~1~ 
~l~llll::;lfliiv I~~ 1l~flllVVfl9il~w IV 1 '!IW lll'f~lltltlllll::;lll'f ~ii'llm1 111tlllltl'l11MV1~li~ ~lJ'II1~liltl~VV 
lltl fl YI~tlliltlfll~ lltlfl'l1flI~ ~~'!J~lJ1W 1 VI '!IW 100 ppm l'f1lJU tl'l111l1VVNI~fllV 1W 2 W1Yi 1l1l::;~1 ~lJ 
V1~linlJ'II1m WnstI I'liW mtl1 WtI~fl nstloUll~~fl nstil f1~iifl 1,,1tlmw'!Jv{eanI'!I.J' YI~Vl'!lI~VlJ 
1,,1'!J fill Vh.J' ~::;\Jfl'Il1ll1Vmh~~1t1l~1WVfl~lflUIl11lJ'Ylml1iJw'IIV~V1~li~~lJ'II1~ijIi1.l11J1fl 
n) fll~'YlW~VllH~~ (Tensile Strength) V1~li~~lJ'II1~l~Wl'f1~'!J~::;flVlI'IIV~IV1'l1Vi1WlJ1 
, .9 I ~ "'" ""': QJ "i 0 q~ ~ I d IlIji :iJ.<:!QJ
tI VlWV~ fl WVVH t11 W~ ::; 111 V11 lJ W1YI Wfl IlJ III fllll'f ~ 'Y11 !YI VN IlYI ~ fl VW'Yl ~::; ~ 'II~ 1WtI V~ lJ fll ~ 11 tI, . 
.<:!, ..A "".<:1 ?I "'" 0 III ~ .....(Masticate) ll'fVflVW IW V~ ~lflllJlllflll'll V~V1~linlJ'II1tllJfI11lJl1JW ~::;11I VlIl'f~ 'Y11 ~ YI VNli~ ~lJ'II1tltlfl, . 
<:!i1ll~'..9..<!t .cld""'J'J'5iI .... "" d oq~ <:>.d "i ....
Nllfl ttI~ 1mlJ VVtI Nllfl'Yllfltl'llW WllWtl1ll'f~lJIl11lJll'll~1l H'II V~VN 'Y11 tYI V1~lin lJ'II1tlll'II~llH ItlVtl1 
.... 0 q ~ 111 '31 q 31 .... "" <:>. ~I <:>. <:>. I I 0 ~ I .<!t ~ Gl 'd .<!t lJWV~ 'Y11 tYlfll~VVfll!tI~m~ tlJtlV~ t'lltl11t1lJtl'f~lJ1J~::;l'f'Ylliflll1I'11W 1'II1J1t11l'll1'll1V mvm ll'ffllllVfl 
'IIWtl.l11~lJIl'f~lJ'!J~::;ff'Yln111l1IVlV~l~flU'VV'!JWflll.l1l~lJ'It11 '!J ~~::;'I111l1'NlltinW 'I1'~ijIl11lJtltlYi ~W l!~ 
1l1l::;'YlW'Y11W 
~~ ~,~, ~ ~ ~ ~ ~ dd .. ~ ~ d fll~VVfll!mV1~linlJ'II1tlltiV tlJ 1l'fl'f1~tl11t1lJ ltl '1 ~::; !YIV1~'YllJfI11lJl'f11J1~tlVtI ttll!~llll::;lJ 
~ ~... ~~. ~.. ~, .. . IlJ~1ll'ftl1VtlV1~ ttl~lV fI11lJl'f1lJUtl IWfll~Vtll!~ 700-800% 1l1l::;1l11lJtl1W'Y11WtlVfll~VtI(Tensile
.. , 
Strength) '!J~::;lJ1W 4000 '!JVW.J'/tl1~1~W11~fJWl'flJll'~U'IIV~V1~linlJ'II1~mWVfl11V1~VW'11tlVlJ1fl 
. .. .;. ~.~ ~ ~ ~ ,~~ ~ ~ , .... ~~ '"~ ~
 
l'llW m~ SBR mv V1~ NRB '!I~~::; ~'II~lW tlJ ttllllVm tlJ l'lltl11t1lJ I'llW l'll1J1t11 mV'!IllflllllWtlW
 
'II) mrnu ~vfll~iifl'llltl (Tear Strength) IWV~~lflfll~tlflNiifl'llV~ V1~ U '11 11l1'V1~li n lJ'II1~ij 
1l11lJ'YlW'Y11W~Vfll~ii fl'llltl Ml!~lJ1flltlm'ill11::;~'lW YllJiil!~ I'liW 1Wfll mfl::;V1~linlJ'II1~VVfl~lfllU'1 
, " :II , ~::;iji111!ml~V~m~'II1tlU'VVlJ1fl llimjjvwflllv1~ SBR Yiiifl'llltl~lmjjvf eu .,j'VUItlW.,j'Vff1ftl1!Yil11111 
• iJ 0 ~ jJ .<!t I III :iJ .<:!:iJ iJ ~ .rru'Y11m::;1 1W1~ eu tlV~VtlV1~VVfl~lflllflWflll1~VV1~lJ1fl~ W'IIW::;llne ~lfll1J1'Yl~ eu m::;1 1tl~fl1l11 
, <:!l ....<:1, <:!l .<:! 
f1) rns 'YlW tlVfll~ l'fflYi ~V (Abrasion Resistance) m~linlJ'II1tllJIl11lJ'YlW'Y11W tlVfll~l'fflm VtI 
• ~ .~ ~. d ~ • ~ dd. ~ .; ~ • ~
 
l1V !'IIlltlV~tlVVfl11V1~ SBR lllflWVV I'IIW IwmW'Yl'Y11t1VflVN~tl ItlVl'fUlinlJtl1 '!I~m~lJfl~::; t'llVN
 
SBR YI~V SBR '!JWflll NR ~~~~1l~1VNlinlJ'II1~ijIl11lJ'YlW'Y11W~VflUffmll'llV~V1~vd1Wfl~lJ1 ~~ 
•'YlW'Y11W~VflUiYflYi ~Vl! ~lJ1fl .l~lll'ftl~~V 1'!JU 
fl~lJ 1 ~lJ1fl Urethane, Butadiene, SBR 1l1l::;m~linlJ'II1~ 
, d d 
fllllJ 2 tI-tllJ1fl EPDM, Chloroprene, Nitrile, Hypalon 
• d 
fllllJ 3 tI Butyl, Ethylene/Acrylic Elastomer, Vinyl Acetate-Ethylene Elastomer 
fl~lJ 4 1111 Silicone llll::; Thiokol 
~) fI11lJltlW'ilW1W'lvlVh V1~linlJ'II1~ijIl11lJ~lW'Y11w'lvlVh~lll11::;l!~lJ1fl(i~ 10 "lmllJ 
mlJ1::;~~::;HI~W'ilW1W1vJvh I~~ 
22 
'ill m~fmHnlJ (Ageing) Vl~lin1J'lfl~~U1~"l ~::;r;.)mHlf)9f1"'lf1.r~lV .rll~ 1fflYl~llll'lJ~m)f) 
9fll"'lJ'I'1''li1m'lll~ n'lJ fmL~ll1J;{ 'lJen~lfllr'lJ fh'Jll~ Vl~ hiYMll'lJ.1ll1ll1 'If'lJ .r1V vh1M'lfi"~llVll"f) 1 ~ 
~lmrlll/j" 1l.1 nll1 i'lWl~ l1'lJl"l1l111 llll f)9fI" i'lJ ~~ 11i1~11'!Jii~ ff1'lJ1'lJ1Jll~ VN vh1M'Vl~fl1V1.rr:h 2-3 
iJ<l~ L1J" ~ 1~11 '!J ~~ V~fH lYfl1Yl~ll~Lrlll1 '*1'!J'lJ 1'lJ"l .Y~Ju 1u f11~ 1'*~ 1'lJUN'!J ~~lfl'YI~~ll~ f11~ 1,*~1'lJ 
", . 1 d d ~ 1~ , "",,1' ~-,IlJ'lJL1<ll'lJl'lJ"l 1'lf'lJ 'lJmtll1J1HVN~ll~lY~Yll'lJ (Bridge Bearing) 'lf~Vl~"ll~ 'lf1J1f)1111 20 lJ1J'lJ LlJ f11~ 
1!II ....d 1 'lfVl~li ~ ~ 1J 'lfl" f)~~l l1:lJ 1~ lY1J 1111 
" 
'If) ml1J'YI'lJ 'YI1'lJ.1 lllYl~ Lflii VNli n 1J'lfl~11i'YI'lJ .1lllhiJ'lJm,,~ Iii V1J 1l.1iifl111J'YI'lJ 'YI1'lJ.1ll 
. , 
1Jll~Il1<l1Yiii~1 1'li'lJ ll~911,,'lJ l1~llllll<lf)ll!lll<l1.r~ Vl~li~~1J'lfl~'YI'lJ.1 llm".11~L ~11 ~ N 1.r~ u.i11i'YI'lJ.1ll 
, 
Strength ~~oi1<l~ 
!II .... """'" 91 "'" • 0OJ) ml1Jf)~~I"~"11J1I~Vl~ (Resilience) m~lin1J'lfl"1Jml1Jm~L"~\l~1J Heat BUIld Up m 
(~lf)';hm~ SBR) vh1M'VNlin1J'lfl~~~iJV1J1 'lJf11~1,*VilVN~(jm~'YIf) ~~.rll~i'ml'lJ m!f) In"ml1J, 
~ ~ ~. ~ ~ 'd ~1I'lJ\l~ L"~lvmVN L1J"Yl1l 
ty) lY1J U~f11~~" (Tack) Vl~li ~~1J'lfl~iifJtlllY1JU~~"ri'lJl1J~M~ Vi 11M'lYl1J1~(jVil N~"titll 'Ii' 
I d"" ~. ~ I .... II) 31.c1. '1 "'" '" Q V .... " , r"1~"l 'YI1Jl1<l1V'If'lJlY1'lJlJ~~f)1IUf)'lJ L"" L'If'lJ 'lJmtll1J1I~Vl~HW'lJ"I1J'lJ"'lJ VNlY~Lml~l1U1~1Im~ 1'lf'lJ 
, " 
tack 11i~ 11im~~~Vill~'lJ N~"titll'li'Yiiil1<l1v:ji'lJff1'lJ 1~ 
~) ~lmVl~li n1J'lfl~ijml1~f)Vil1 M'1l11Jl~llriUl1'!JH1~1Icil~f)~N1J11~ .Y111cil~ N~"titll'li'm~ 
do .<:>.IIJY I V '" .9..<:>. .... ""l 'YI'Y1Hlf)m~li n 1J 'lfl" L"llf) VN<lll~(jV'lJ" VNlm 11~ U'lJ Vln1l~fl1l lY~Yll'lJ Vl~~ 11~ milH lY~1 'YI11'lJ 
<5 ''''' VI .: I '" <Ie:.." .I 91 'JI .... ?I 91
mmIN'lJ"'lJ ll11 VN'If'lJlY1mf.W'lJ" 1l<l~Lvl1l~'lJ1~1I~ Yl'lJ~1I~1'Yl1 f111m~ m~llY'lJ~"~ll~ IU'lJ"'lJ 
. 
Q.I.<::I.<::I '<I.O"'ll ....2.2.2,11 ifIlIlU'mJHil\ll8ty)JUVI'IltHUH1i~~)J1I1V1 
" 
1m ~ lYfHl1lif)'!J ~~ f)11 U~1 vm {U 11 'lJ II<l ~ 1!l1" ~ L~'lJ Vi 11M'vN ij lYlJ u~11i 'YI 'lJ U1iJ'lJ 
, 
m,,~ liiVlJl1~1IUliJ'lJvh 1l.1~~1~'lJ'il'lJ1'lJ Mvh M~ 
~'lJ li~~1 'lJ1 flH lYfl~~111~ 111'lJ'!Jiin~m Vi 11M'lYl1Jl~(j1<l m'lu 'lf1~.r1Vr'h1J~tl'lJ 1l<l~Vil 
~.,~- ~ ~,~ ~ 1 1 d::" ..1~ l1VNlf1"lJ~ m tn 1"~lVmIJ1I1lf)'lfI~'lJ1l<l~ 11 ']j'lJ ']j~llJ'lJlYlll1>.lf11nlYll1JlYfl1WlJ1I~VH 
lY1 v1'li~lfl ~ 11 'lJ 111111f)~ 111 '!J1J11~ ~ lV Vi 11M' Vl~li n1J 'lfl~ fl~ lYfl1YlV" l1~'lJ 1 ~~ 111 ~ ~~ 
lY11J1~(jH~1'lJ1~~t;!tlll1fJiJ~11J1f) 1"V~VHlin1J'lfl~iiril T ~ -72 1I~ffll'l!m91V!l ~~~1 g 





1 111 ~l'I! H 1:lH<1fJ<1~iJfl1llJl'I~lll'1lJU vh1,r/JHtinlJ'II1~l'IllJ11()"f1flnf1 1~lrlU~" iJ'111lJ 
.;'lWl1lW~UllH~~\!~lJlf1 1l<1::l'h1,rjjl'llJU~m1~" (Tack) ~ 
. , 
til-HlJf1 1lJl<lf1<1l'1~ 1111 ,r1Jl~Il~~!i1W 11JVi~::th 11JIl1Jn1Jhwm ~ ii~.;'U~Ul/JH11JufI 
.. ~ .~ .1 d , '~_I~ •lvm m Ifl lJl<lfJ<1l<lf1M f1UWW1IlJ !'II~lW 
.:ill IV of <=l,
2.2.2.12 Nt'lVlflW'l1'1ltl~!JHti,'nJ'IIWI 
rns Ulfll1\llfl<1 ~ lf1.;'W /JHlJ 1H1J1::1/J'IIWllU~ 1~I~w 2 11f11-J til:: flU 1W11J'IIU~/Jl~ll,r~ (Dry 
,• . 
Rubber) 1l<1::Wl/JH'IIW (Concentrated Latex) 
2.2.2.13 m'Niil'l!Jl~~u''1qtl!Jl~m\'~ 
1f1/J~,11JllU~UUf11A'11'lw 2 1J1::1fl'l'11my '1 flU m1fll1\llIlUU/Jl~tinlJm (Conventional 
IflY I <:>. I .... • oJ " Rubber Process) Iflllf1 m1fl<1'Wl~llflmlJfl1W (Rubber Smoked Sheet) /Jl~llflWfl~mH (Air Dried 
, .,., A I oJ .<!:l, <:>. 
Sheet) 1l<1:: /JH IflH'i (Crepe Rubber) l'I1W Uf1lJ1 ::lfl'l'1'l1W~flU rns fl<1\ll1luus ::1.JfJtIlflWllJl"1111W 
(Technically-Specified Rubber) 'l11<Jl1Vf1nW1l1Jl~Il'l'1~ 
'II 'J/ 'J/ ". 'J/ m1'11Wff~ ii~.;' u~jjf1meJlUlllllf1~ lf1U1VHl'IfI~WjjIWUV1~1,rlJ'\j'W 60% U1Vl~Vi1~1~ /Jf11l Ul/JH,rW 
'II 'J/ :II I tI 
(Latex) m1 fll1V1U1Vl~,rW'liw111 f1~::I~wmn1m 1lJU1Vl~riUW 1VlVl~lJ"~Il~m1 f11 fIVl~ 11m1lJ 
:II 'J/ 'J/ 'J/ 
Ul/JH ~ lf1t'{,V1 U~U1Vl~ ffil~nlJU1/JH ci 1/Jffil~1 mJn 'I'1f1ff~ 11 ~~ ru ~ lmJ'lJUl1 1J ~1'lJm1m U~~'/J 
VI::llf1H'II'lJ lVi 40 IlJ'II 'l11U 60 Ill'll 1l<l::Ul1 1J fli1V1I~'lJU1/JH,r'lJ 1'lJ'li'lJ.lU11J 1'lJ1::'l11l~m ::1J1'lJm1W 
" :II 'II , ~::l'l1jjU'lJn'lJ 'I'lf1 11 ~~1'lJ ll~ 1::'l11W1J'lJfIu'lJlmiliJ l'iU11Ul/JHlll~jj1Uml'llff/J1A'IWU~ ~lmi1f1mfI 
11) .... oJ d .::t.::t .::t tI ~.,;. 0 '" .... QJ .<!:l, QJ .::t 
1'IIlJ 'lJ 'II~ 11'1Wm:: u 1'lJrn1'IIU~ IIUfl'l'111 un<1:: Vl'IVi 11:: 'lJ'lJl'I~ l'Il fl 'Y II'lJfIUus f1fl U 'l1 <1 ~ ~ 1nnsfl1Jl~ UUf)
.,
• ~ ~ 
, 1 • ~ ~ , ~ ~ ~ ~~_I'"~lf1V1'lJf1lV I'll 2-3 '111 lJ~~::"U~IVllJl'Ilnml1l'1f1ll'iWlVl~l1~ ru IVHlfl1UfJlJm11f1f1mfll'lllJ'lJ smn 
Jl/Jl ~ 1,rI~ 'lJ'IIll~1 'l1 <11U ~ll'IlJ U 
.. . 
2.2.3 l:Il'IVl:IJIlVl~ (Additive) 
.... '0 IV ••2.2.3.1 l:Il'IVI:lJIlVl~l:Il'l1'U!Jl~ (Addltlve for Rubber) 
• , • 'J/ ffl11~ lJll.l~.l H '1 Vi Fll'llJl,r 111J1'lJ/JH IVi U1,r1~ fll1V1 IiIII'l1/J l~ Vijjeru U~VlllJ.;'Il~f1 m1~ 1'lJ 
1 ::'l11Nm1 fll1VI nn fl ~ 11JII<1:: m 1 Ul Fl l1V1 IiIII'l111J1~~l 'lJ /IN Vi fll'llJ l'In Ifl jj II~ 1iJ iJ~ 1 lll'll1Jl1 () 
e ~_I~.~. , .... • _I~~- ~ .I '_I~_ ~. ~ d .K. ~ • • 
'lJlllJ!'II IfI~'lJmll'lnlfllJ~::I'IIll1llJumVlf1U1Jl~ mfl1llJ111'lJ'If~1ll~IHlJum1Jllmf1f1111'11'lJfl1/Jm1
/Jl~~iJ~1lJli1f11J~n~/Jli1ul'Imfljj I~Vf11l vl~1llfl~11J (Green Compound 'l1111 Uncured Compound) 
• • 
24 
'i'hlJVN~ffmtlih~1'I'\lU~ii1V1flUVNll~1 l1VI1il VNtl~1U (Vulcanization Rubber) UI1~WVlJUtll1 
U1lJ1W'lJtl~ffl1l~lJll~~'l'JI1'1lwtl~l'i'h~11ullJV1~LViVUflUV1~ 100 ff1lJ 1tlvihn11mlllJ phr (Part per 
11 11 , I 
hundred of rubber) 'l1~ihVl tltl11lJff::tl111 'f'Ill1ill11mn /JulViVUfftl1 V1~ViilU1lJ1W ffl1 LtlihLtll1~NfllJ
• 
ll<l::l~ VlJlJm ff1lJ HfflJ vmTI1 L~ /JlJl'1V~1I1.rUff11 ~~::1ff l~l 1 il'lu V1~ ri tllJ -'f1l1~ 
2.2.3.2 tnnWi'IJtJ~!J1~~~tHt11,t11mJl~il~~d 
. . . 
n. Vl~iJfflJ1:r~llllJ'l1~Vl <llff~l1ll 'I:: fl<ll ff~11 fflJ,:r~llllJ Vl '11ff~ n Iii tl au ,:r~'\J <J~ lYU Vi Ljj tlH 
• 
'Ibm!nntl<l~1 il ~::ll Uu tl tll1ll<l::VlV1VllJtl~ffll1Vltl11lJll uu ff1U fflJ,:r~Lllu V<llff~11 Iii tl fflJ,:r~'lJtl~ 
ffl1~VlV1VllJi'mJ lff ll1Vlrl<JUQl1ll1 ~111:: vh L'l1U Lrltl~tl Vl~tltln llfi1 U~<JVll1 ~ 1MV1~l ~u Vff1 ::VN~:: 
. I I .)  
t1l11l liiu1 UL~lJ Iii<J ljj tl ~~ tl tl n ~:: ~tlll~ Ljjtl U~ tl/Jl1l1m:: IiiU n l1Ull~ 1111'1'11 L~lJ 1111 Vi vl~iJ ff 1J,:r~ L~ lJ'l1~ 
•= = ==o~~~, 0 ~.I~~ ~~1Vl<llfftlnll<l::mllfftlnU '111 ~'f1 ~lJffllJ11()U1VN ru A'Il~lU Itl tlVtlH 
'" "1 = .. d =: ~ ~ ~ ~~,
'IJ. Vl~lUUL'I'1tl1 lJl'(<llfftll1 (Thermoplastic) tltl 'I'1QW'f1lJlJfI1 eJN~::ll'IJ~m::tlN lltln'f1l1 ~tl~lV 
u~~ QW'f1lJillJ~~U vm:: l.ltlUiiIJ1'f1 'Imh1U, U 1111 iJfflJ,:r~ I~U L'I'1 V11lJVl m ff~ mil1Merun1mll V1~ 
1uloMl.1'lu'l11~Qw'f1lJil~~lntl 
~. V1~ ffllJl1 ()nemv1 .1'~1/J 1 W~1'l11<l::<l1 V'f1<l1 V'IlWtl vN L1'Iu ffU lh:: nvu~iJ1 1Jl<l fJ'I'IJUltl 
'" " I1'11111 t'l1U VNlinlJ'Ill~iJtllm!11 1lJl<lfJ<lLIl'civ 30,000 - 300,000 1lJl<lfJ<lm~liJljjtlV~11lJflU~::iJtlflU 
.1'1/JUH l.lVU '1 1.1'url IIH ll1lJltl vi'11'1..1 1lJ in 11 'I ~ ~ Lwn~lnflW ~1 v1 tl/J1~~1Vi1'I:: m vVi iJ.,j,'f1 r tliJ 
, .
• 
fflJtl1 ::ff'l'1n'IJ V~11 U 'I:: <l1/J111~1 iiiV~ flU Vl~ .rnl'wVl~ ~~ff 11J11()<l:: '11v1.1'~ 1/J1u ~1'l11<l:: m V~l~ '1 
.1 <; .. ~ .....I~ .1 """'l ... .1 
2.2.3.3 u1:: ItI'I!'1H'\.It11 1Ht'ltltlNOUt'l11Ifltl IVltJU1Uul ~t'l'\.IUI'1I'f1tl'IJlJ 
n. l~m1'llJ~1'l11/Jlum::U1U nmltl1ttl/Jl~ 
t111~llJ Vl~~U ~ ti~ 1 l.i1.1'HfflJ flU ff11 ltliJ gu ~ ::iJfflJ ,:r~111 iJ /J1 ~~ L~ V1flUtl11lJ ~tl 'f1 QU 'IJ e ~ 
ff1lJtl1::I1<Ju~<J~luV1~~u ll<l::'l111 Mlntllh"y'f'll1wm::tJ1u 1111 ~1~ '1 l'l1U rm '1tl/Jl~ 1MI1'lullHul'1 nu 
~lt1ltl~<J~'1tll'1uu ~~ ~:: LMU 1i~tl11lJHtltll1~ 'f1rtltl11lJ 1l.iff~lLau tl'IJV~ Vl~LrlVH1ULtl~v~'1tll'1uu u.i 
'f1l1~ ~111~ 1.1'Lfi IJens1tlih'l1U I'm 'l111MH~tl liw cvi'~ 1.1'~1t1l tl~ V~1 tll'1uu iJH1L1 VU Ll<l:: lYurn n 'I tl 11'll'f'Il 
1~/J1rlUtl111J 1l.iff~ lLlYIJV'IJtl~UHUVN 1.1' 
o~~ = ~~~.x
'IJ. 'I111'f1/Jl~IJ'lJVUL'lJtlI111 ~'Il~llJt11W\JU 
~ 111 tl11lJL 'f1m:: lYlJ lu I1n1~ en ffl1 Itl iJ HfflJ 1 W/JN 'l111MLn tl t111l u~ /JWIItI'I ~ fflJ,:rfi 'IJ v ~ 
H~tlliwcvi'vl~mh~1J111 ~lnH~tlliw cvi'~1l.ill~~m ~ 1l.i'l'1u'1J~u1i~H~tlliw cvi'~iJtl11IJfflIJ11f11u nu'I'1u 
• • • 
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" 0 d <:>..... <l9J 9J 1.1 9J ,,9J9I "" "JJ 
mru l~NlJl'YllltlWH11l'1tHll'l'1m 1'II11I'lIWlWN111W '1 ~:::'Yll1 '11 I'IW lJWfllm11l'1lJ~ m11'llJUtl 
H11'lJ11'n ~11~ lJ~ ihlf1l\! fl11 ~ i u~:::vh 1,r11I'1I1lWljWrns H1iI'l11~ 
.::::r. , <V .::::r. <!0 
2.2.3.4 til!IlllUIIVI ~ tI 1fi !1I'1'tat1IUll! 
o ~, d ~ _ '1 ~ ..,t _, ", ~ ~ < ~ ~ 0 ~ ~'d fll!Wlml'l'Hl1HlJtl!I'l'W~lWN11'I~1!u 'II~lW 'H!tl 'UW~U!UWH<WlflW'I'11'11lJl'ltl~fll!!<WWW'Yll !I'I 
9J "1 _I "" 9J 9J " "" <I .... ~ 1 <L' I d d 1 9J "" <I~WlW ! l'I~ufll'lmn~:::1'I tl~ Wl'I'Hl11IlJtl!lJ lH11'lJfl'lJ11'UtlW Wtll'l!111' 1W'I1l'H m:::11'lJl'l'Hl '11 'l'Hl1HlJtl! lJ 
....""""'.,1 191 .l.<!t, 1'i1 "" " I J d d 1IJ~1I11'lJ'lJI'II'I'UW 1111:::fi ~'I1W I'Itlfll! 'lf~ lWlJ lfl'UW 'H!tl'll1~ nrueu1Wfll! H11 1'1 '11 N l~'UW nnau '11 H11'lJ <I~ !u 
9J .clI """ I "" I .<:l.Q,1 "'" "" I 9J .::::r. 1 'IIL I .<!t 9J "" 1'11~Wn~fl11 nnll'llJlll'I~ (Additives) Wllfl~lflW~~lJnnll'llJlll'I~'lJN'lfWI'I 11' lul'l'Hl11I'1I'1WlJWfllm111'1 
'11 ~ tll~llll ti'i 'UUty'H l~lill'l ~ 1fl1.Ji11'U l~ lJll~~ ilfl'lfU 1'1'11 d~ ffl'H1'lJ1W~ lWMfllJ 1fif~ cl'~:: Ii1'11 WI'Illl'I! llhw 
.. ~ d ~ 
filllW<lllW 6'11 97% H11'lJfl'lJ Additives 3% 
,. . 1"~'l11 iUll~1 nm~lJll~~li1;i1ri1W'l'Hl1illJll{ (Polymer additives) rmii11'lJ1J~~~~ll'lull 
I. Vil'H,rl~i~ll/h~iiu!::n'l1iifll~ 
d 1~,t-,2. 111'tl~!fll~ I'Ifll!'UW~U 
3. 111'~~!fll~1I1lflUH~lW 
4. hit\'lwvhm11:: i!JVi11,rlill'lfl§W'H~llm 
5. i!Jlill'lflUf1l~ff (Bleeding) 'H~ll flm~W~l (Blooming) 
""" I""';:'; _I "" "",,<I <:>. "",,,,oJ 11IJY lr)9J
11'1! Il'llJUI'I~ lJ'I1~nl!u!:::flll'lJllW'I1!ml11::11W W'I1!~ '11 ~ 1l1~1l'lJ~ !l'Il'IllJ nmw::'1'1 Nfll~fll~ 11'1 
", ... ",,, ",~o ~d 0 ,~~'"luW 4 'Hl,j filllUW'Ull~Il'll~ ~N 'Utl~l'H<l11111::11fln Ill'lm~11IWMlllJ'HW1'l1fll!'I1N1W ~::Il'lJ~ !1'I1UW'H11l~ 
•U!::lfl'l1~~ll 
- 11'n~l'Illu!11'lJii~I~~fl11 (Mechanical Property Modifiers)
 
-11'U~l'Illu!nlJii~'Yll~lfiii (Chemical Property Modifiers)
 
- 11'n~mlU!I~llmllJ11'1~~llJ (Aesthetic Property Modifiers)
 
, . 




11'm~lJll~~Il~<I::U!:::lfl'l1iJ~IlU~llllfltill~'1 i~ill1~~1111'1'1~1W1'1 UN~ 2.3 ~~ ~ 1111'1U N~~l1ci11 
~::I'i1w i~ilnm~lJll~~UN'lfUI'lVil11,r l~ i~'H11l~lltiN ~111tiNl'liW ~11111'~11 i911'lfll{ (Plasticizer) lll~ 
1.Jil~lllvilJfi 11lJ .JllW~1 i!Jnl!l::: (Flexibility) 'Ull~ H1il'ltlW'Ii''H ~ lll~ 11111'1 fi11lJ'H WI'I'IlW::W<llllJl '11 <11 
"" .,. I """ a """ lr) j.I I " 1 ~..(Melt Viscosity) 'Ull~~1l111lJlln::'H11~m::U1Wfll!H11I'111'Ulll1'lfWI'I 11'11111 mrm 'H11W (Release 
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, ~ '1:V "" ,f""" "".... .J..... .J ~ I v .... 0 1j1 "'" ....I ".Agent) lHJn~ln~~'l$1V All m'HHHlIllHI>lnUnULmll~~m'IJIll::'IJU~lJn~1 V~'l$1V'lll ;HI~>lfllll'l1 
"!>I-n1viitb~u ~~ 'Ili Ln>ln n ~ >I flU flU tb1<1'l ~U '1 
LrllllJ 1'I1JH<1l1flmHJilLlI ll{ <1m~lJLL~~UN'l$1J >I l'JiU Vl~I~ ll{ (Fillers) L..¥U 1m<1~lInH
. , 
(Reinforcing Fibers) ~~ 'Ililof!1fllJL~\J(,UllL~V1fl\J flUWlliiLlIll{l \J 'IIIII d'i<111 L~lI n~~Ul~'l$1J >I L'Ii\J <1n 
fl\Jllllno'Jil>l'lf\J (Antioxidant) <1m~1Jt<1()mfllW~lln<1~~1 (UV Stabilizer) ~~mv1uwllilLlIllfl~lldN 
, . . 
<111 \!1or ri1t11'U<1 n ">IIL1J1<111 U~ Viw\J tb <1111 n n Lof!1tlU11'IU IUll L~ V1tlUfl UW llii LlI lJfl~mJN ~ 1tl >I ~~ 
lJmf1~ll\J~ltJ (Migrate) 1J1ri~\Jtb ~~lJ1~iiHml11t1~\J~1flllilllllJ{Ln>lm11JtfftJt1ltJ'I~,,~J\J Lvill 
• J/ " II t1~m~tJ~iltyt1l~~mi11 ~~H<1111~lIn~~'l$1J>lilVi1J~lJ11ll1l11'l (2% l>1tJ'lJ1t1irn) t15lJ1\JU1~mw lJ1~ 
1i1jjlf1iillU<111'l$1J>ld'ri~1ml~fl11~\J11JL~\JHii.,illllonII111
• 
1J~1I11ll<1m~lIn~~n~~~'l$1J>lri1 ~hil \JWlJilLlI lJ{~~ 'IliIVhtl\J ~1lJd1~<1ml\Jlllln:JiL>I'lf\J <111 
rrilll<1(ivHnw~ llLI<1 ~~~ Hrim111L;;lIof!\J~1'l 'IJ1ll::ri<1111~lIn~~ UnmnV'l11J >I 1'Ji\J wm<1~hn'ljlJ{ Vl~ 
, ~ 1 "" 0 '" "" "1 I II) d '=' I "'" 1~';"'" I~ll1 Lff\J tn<11lJ u H ~ ~ \J11J1H<1lJ nun ll~ LlI m \J1J1111 III l,1 ~ lJVN A1 nf1111<111 J., lJn"~U1~'l$U>I '11'1'1 
1J~1I11ll l,1~ 1\Jwllillllll{IWtJ~t1~~t15lJ<1ll~'II1J"(,l'hJ\J ~1lJd1~L'Ji\J wm<1~'1 'llL'llll{~~ U1111H<111 tlU1wil 
~ Q ~ '1 .IQ 1 .; Q 'Q"j 1~ .I Q ~ I1U~f1~ll !1f1 \JlJ11111lll,1~ \J'lJIll~'I'1Wll~llIll1'l$\J"lJ\J'l 'II !\JlJ1lJ11ll\JlJtJ 










<1nnllH~n (Nucleating Agents) 
Q'I ' mn<1., 'llL'llm (Plasticizers) 
~ .. 
fllIlf1 
y ~ d 
~>I"\J'I'1\J IWlIm111U'IJ~nH
• 
..,;. d d .,g 
LWlJf11111 u 'IJ~ u1~ une f11111 u 'IJ~"~ 
LVlllm1lJ'I'1\Jn1~m~U'I'1n 
L~ lJ1J11JlIII Hlin'IJ\J1>11~ n 
l~lIm111';lJ\J~1 'IliL1J11~ 
2. ffn~mL1J1<1l1U~'I'11~If1ii (Chemical Property Modifiers) 
Q , 
a'nl\ll~U"~ " ..fI'U1f1 
<1n tl\J llllno'Jil., 'lfU (Antioxidants) 
"'" "'" I <:tffmWlILfff:lmfllW"llnff~~1(UV Stabilizers) 
ff11mh~ 'lvJ (Flame Retardants) 
.... "'" Qo'lY11nU~~UmtJ (Biocides) 
1'lll~n\J n n <1~ 1V~1~ 1nlllln o'Jil>l'lflJL~ lJf111lJ 
1'lll~tl\J ms <1~lV~1~lnnff~ ~1 
l~lJm111'1'1U 'lvJ 
iJ.... 0 "'" Qo' d ll~ nu n 11'I'11t11V~ 1n ~~ \J '1'11 vn~ ~ Il1>111 
• • 
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, '" lYnl1U~1l11 (Nucleating Agents) 
, . 
~ <:0 .::t ~ lYnI1U~IlUm/J (Biocides) 1'1 u~ii'u f11~!n fI 11ftU ~ 1ru91u ~ 1 
4. lYl~.rflmhlYlJ1J~'iiVlU1:h (Surface Property Modifiers) 
,d 
al"Ig)~I!I'1~ 
lYl~ii'U~f1 (Antiblocking Agents) 
lYl~ii'U'vJfhlYlll'\ (Antistatic Agents) 
lYlnh:::lY1U (Coupling Agents) 




II'I f11m:::lYlJ\Iu~lh::: ~ 'lvJfhlYll 'I 'iiVIU 1:11 
...:. dl I ..... <10' !lI 1 ...,.!'l'mm~/Jm:::'Hl1~l'mll!lJmf11HlYU mlY~lJl!H 
.. VI ' mu lllilm 
, , . 
ll'lfflJ1J~:::iY'I1iiI11~lff/J'l'l11U'iiVlUr:b 
5. lYl~.r'lmhff1l1i'um:::U1Uf11~~ft'l (Processing Modifiers) 
d , 
al"Ig)~I!I'1~ 
lYl~~ (Blowing Agents) 
lYnl~UlJ\llN (Crosslinking Agents) 
d d " lYl~ ll'llJIlY(1 tI~ f11l'l'l1 NfI11mUU (Heat Stabilizers) 
d' ,l'lllllY'l 'lH'lfm (Plasticizers) 
lYn'l111M'~u (Release Agents) 
, .. 
lYlmllUIlU (Lubricants) 
, .K 11lYl~'lfl/J\lU~ (Processing Aids) 
" .;\l'll1'f1 
'1"d "''''1''1 dl
'111 m 11 fI U11lY!l'W 'If U f11 ~ ~ M\ l'llJ 
'1111,rlnflf11~ !~UlJ\ll1~ 
1'Iu~ ii'u f11~ am/J;{l~ 1flf!11lJ ~UU 
,.. d 
ll'lfl11lJ 'H'IJ 'I \IU~l'lUll!lJ U~ 'HlllllJ1'Hlll 
,'jll~ii'U f11~ ~'I ii'u ii'u If!~U~ jju~U ~11 
d , d , 
ll'll!~ ~!lYtI'l 'I11U~::: 'H1Nl'lllllllJUm IIUlJ!'Hill 
..,dttV • .x 11flUlf!~,H ~ mUll::: UlJ UUU\IW:::\lU ~ 
'1 .K 11"'" .%
'lfl/J Uf11~\lU~ '111 'l~l/J\lU 
ff1l1i'um)ftllJu{~1 fflYn !~lJU~~!~/J~'lfiJ'l!~/J1U'11m::: 'lJlilll/J 1'l/J~l' 11m\'l~:::~lYlJlYl~ !~lJ 




""'.c!. , .c!. 
11'1 ~ \l1lJIlHW1fll'l1'IllU11' ~ ~ 1 






1Y1~lr;lJfn1lJYlUU1 ~m:::u nn 
, d 
11' 11'11 llll nu 
lY1~l1Ih~'lvJ 
d " 'I1!JllllJ!J~~lU 1UlJ1n 
111ulmyHii11J PVC 
11 1U 1myi .fii11J'I1ll11Y~n1il1m~lJ 
111uimYl.fii11J PVC, PE ,PP 
111uimuHii11J pvc
• 
d , d 
'I1ll llllJ ll1 'I'J n'IIU ~ 
'I1!JiillJ!J{'l'Jn'ln1~ l~Ul\lm::: pvc 











"'" • d ~ Y'l d 'JJ "".c!. .<:>. • ~ dlil jI",,- .<:>. Ulln.1nffnl'llJU'I~YlUff~~ 111U'I11NYl 2.4 U1l1 U~lJffnl'llJU'I~llU '1 Yll~lJmmll'lUll::: 
vrl'lllJll~llm~ 1.fi~lU Vi lill! .r1ll~ Nl'liU Dopants ~~ Hl~lJtvilJfflJ1J~nml1 'lvJVh~ll~'I1lliillJll{'H ~ll 
d.~, til .5 I 'JJ .... I.... OJ til jI d 'JJff1~Yll1YM IU\l1O'1i1ul'H'I1lllHlJlJ1 In~m1ffll1U'l1l~ t\'1U'IU 
2.2.3.7 al'lfi1JfnnJYI'IIII'~fl':::lI'Ylfl (Impact Modifiers)
 
'I1lliillJll{1Jl~'liiJ~ 1'li'U 1'I1ii'l1iJllflllllh.i' l'11iiff 'l'l~ UUll:::1 'I1i11'I1~r;i1'U jj fflJ1J~IU~l::: m~
 
fl11lJl'HUU1 (Toughness) ull:::iim1lJYl'UUHm:::llYln (Impact Strength) ~11~Ul\lm:::ll~N~~~'lru'HlJiJ 
~1'l vhi,yii,j'1l~1 i1~ i 'U nnlll 'l Ul.fi~lU 1J NU~:::lll Yl !J~H hMiff1lJl1tl1"h M'I1 lliillJ 1l{l'Hti1tliim1lJ 
.c!. a.c!. ~ J "IV t "" oJ..::!.I ,lU11:::ll~1l~ltll:::lJm1lJYlUUHm:::UYln mtJm1lJl'HUU1\l1lJ~U l~ 1~um1 i ffff111'llJU'I~ m~ Ufi11 ff1~ 
I lvilJm1lJYlUm~m:::UYln (Impact Modifiers) HfflJM'lU 
.c!. .c!. <!!l. Q.I 9 4 
m 1lJl'H 'UU1Ull:::mr Yl~ ffll1Jm ~ m:::UYlnm1lJ l'H 'U U1flII m 1lJff11Jl1 n 'IJll~ 1ff ~ I'U rn ~ '(J~ nll 'U 
. . .
 
.... I.c!...,. OJ .c!. QI.... til 'JJ a ""'9 'JJ !fA! "i 31 .<:t 'I1M~lU nll'UYl.:::lfi~mm'ln'Hf1 m1lJl'H'UU1~llnff~1~ l~~ln'l1'UYlI'llff'U IfI~ - m1lJlmU~ (Stress­, 
• 'JJ .: d9 Y !!AI "i 'JJ I QI.c!. .c!. _.1 'JJ .c!.Stram Curve) m'l1'UYll'llffU Ifl~lJ1nUff~n11ff~lJfl11lJl'H'UU1lJ1nm1'Y'lfl11lJlfl'U- fl11lJlmU~, 














~lfl~tl~ 2.13 lH)~UH)1"llJ~tl (2) I~\J VW~ltlil~U H01:: VW~tlJtl1"llJ~tl (5) 1'li\J 1'Vi~ 
0' d A .dq ~ ~ ~ ~ d d ~ ""l i ~ , .d "'" 
tl11Utll \J" lJ'Vi \Jl1ll'l! ffU lrHlJ1fl ~~lJfI11lJl'H\J011J1m1lJl1~ff1lJ l1()O\il aen \illJ1flfl tl \Jl1~~ Ifl\ilfll1 
""l QI q d <:>.,.~ ~ i ~ ~ .c:t A d ~ 
m\il\11tlHl'lfl\1fl (High Elongation at Break) IU'IIW::l1'VitlO1!lJtl1'li~!tl11::H01::O\il \iI\JtlO ~~lJ'Vi\Jl1'l'I 
•I~\J lfi~~mJ"~Hff\il~' \J~tl (3) "1mh~'IItl~'Vitl~!lJtl1'11u"iJi#lHri 1'Vi~ffi"1\J (Polystyrene) VJ\Jtl~m1 
9i\J (Phenolic Resin) 11'J\J#I\J 
d , "'" o'd 0 "'" &QI 1'I111~'11 2.5 Hff\il~tl1f111lJl1\JH1~m~Hl1fl (Izod, Notched) 'IItl~'Vitl<UlJtl1l1ff1t1'\J\11l10'l1\J" 'li~ 
• i Y , .<:> .,.d d I i.<:t d ; C} d ...."i'.... ~~mu \il11'VitlO1!lJtl1l1H'II~H01::!tl11:: 1'I1\J l'Villff "1\J lJfI11lJl1\JHHm~Hl1fl"11J1fl1\J'IIW::l1'Vitlll 
...d d d' "i'.... <I.... I "i'.... Coood, I ~ & 5fl 
IlJtl1l1H'II~!!<l::m\J01 1'I1\J I'Vi01t1111JtllU"lJfI11lJl1U ff~lJ1fl ff1\J I 'Vi llltll1ll\J fI11lJ\1 \J1H\J\J1'I1'li~!U\J
• 
, . 
'Vi tl~ IlJu1YiliU\JH01:: 1\1 iJ 1J1~ jj fl 11im \JH1~m ~ Ill1fll);~ lJrru'li\J!~ 01f1\J (~\J 'I1\i1 ffUll i:l1H\iIfl\1fl) 
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I 
.d I "'" tI "'" I1'I11H'Il 2.5 '1mf111lJ'VllJll~~fl1:;Il'Vln'll,H'I'HHlllJeJ1'11lJ~m~
,~ ~ 
'lIUl'I'IItH'I'l0iUJJtl1 
Polyvinyl chloride (PVC) 
Polystyrene (PS) 
High Impact polystyrene (HIPS) 
Polypropylene 
Low Density Polyethylene (LDPE) 
High Density Polyethylene (HDPE) 
Acrylonitrile Butadiene Styrene, ABS (Medium-Impact Grade) 
Acrylonitrile Butadiene Styrene, ABS (High-Impact Grade) 
Acrylonitrile Butadiene Acylester (ASA) 
Polyethylene Terepthalate (PET) 
Polybutylene Terepthalate (PBT) 
Polyamide (Nylon 6) 
Polyamide (Nylon 6, 6) 
Polycarbonate (PC) 
Cellulose Acetate (CA) 
Phenolic 
Melamine 













































o 'lI!j/ "'" tid "'" "".d .1 ""'''''" <II I .,,:,111 ~ '111 ~ M'1'1 V,lllJ V ~ 'Vll1.h 1~ lJ fll1lJ III lJ 011'I'IlJ 'II lJ lJ en ~ rnlli 111 ~ Iffl'l'11 I'I'IlJ fll1lJ'VllJ II~ ~ 
. . . fl1:;II'Vlnll~lli~V1~ '1-M'i'iJn11VlJ'lM t'JilJ 111~'1ri'l'l<llff~'I'llI'llV{M~Vnm'h 'Ifl 'I'I'I111lJVhl'll'l'l'lJ IIvl~~ 2
 
""'''''' J"""" 'JJ """ <!:t 0 'JJ d d ... " .... 'JJllil111lJlJ'IIVlffll flV 'Vll'lml11lJll'll~Ifl1~ (Rigidity) 'IIV~'I'IV<lllJm<l~<l~'1lJ'Vll~l'IHnlJ'II1lJ111~~l'I'lJffl~ 
d • 'I ~ ~ 'd d.l" ~ ~ " •d.d dl'l'llJf111lJ'VllJllHfl1 :;1I'Vlnl'l'llJ11 nm M'I'IV<lllJeJ1lJf111lJllllJlll1'I'IlJ'IIlJ ~~ ~~Illl 'Vl1J ~lJlJ~<ll'lVf111lJll'll~ 
In~ ~'IIV~'I'IVilllJV{ ~tJ~ 2.14 llff~~~<l'llV~ffmvilJf111lJ'VllJllHfl1:;II'VlnvlV'I'II]~fl1~lJfl11lJlf\lJ­
"'" ""''' ~ d 1t):iI' 'I I ~ 0 'I 'JI "" ...~ df111lJlmll~'IJV~'I'IV<lllJeJ1 'll~~:;llllJ 1~11111~ l'I'l'I'l~l'I'IlJf111lJ'VllJllHfl1~Il'Vln 'l11 M'I'IV<lllJm'll~Il'll~ 





1.W~1 1 llrr111~1Jfl11mltJll1 ~fmal'YI flvh~lflUl~ (lil'f lrr1.1\1J v{) 'Hill'Vmlll~v{~ ljm,u'H fl ij 
"",';' ; I ""~ ..k..9.ol1J (l,I "'" <Iii .,;.
fll'flrr'ml'W'lf'll'W (Glass Transition, Tg) mfl11'lf.U'H{I:lJ'HV~ 'II~I~V'WllllHrr:lJfl1J'VWl'fI:lJV1lll'flrrnl'VW 
fl11:lJ'YI'W!!1 ~ nseu'YIfl ~:;m:;~lvv~1 'W'l'lVlh:lJll{I:lJ'YI1fl'li' (Polymer Matrix) lll'f:;I~ vmJV~Hrrm:;w;h~ 
"""...:.. .I, "do"co




/ ....... _--"'" 
/ 
b 
.A "'" " a"lIJ y~ ~ .d "'" J ~ "i'(l,I "'" 
t:lJV'VlVm:lJV1 11Jl'f'W~ l~m!!1 ~m:;ll'YIfl 1'W'IJ'Wll m'Vll'f~~l'Wl 'IHfll'f'YIlfl~'IJ'W~:; fJfl~~fll'f'W I~V'Vlll 
~ , , ..l" ~ .1 , ~ ~. I~ " .; ~ " ~ ,.. ~,~ 
l'f1:lJvmv'W 'II~m'Vll'f~~l'W'WfJflmv IV'W iu l'Hrr111'Vl:lJfl11:lJ'YI'WllHm:;ll'YIfll~ 'Vllll'fl:lJllm~:; unnams 
ll'lmTfl 1'W'YI1~'lH fl'W ,rl:lJ81'Vll1Hl'W t:lflt:hv1 nuh;1'-;iJ~fl~ti'1~mn 'W'I'WlI 1:lJ v{ ~:;lil'W Hl'f 1M'ln~fl11:lJ 
jJ J 9 "'" " "" tid 0 IIJ_I ' (l,I 1IJ!IJ...k .d "'" " ".... IIJ iI.<::IIfl'W '\I'W \ 'W 'VlVm:lJV1UJ'YI m'll'll~'W1 lul;1fl11 ll'lfl'Hfll~ 'II~fl11'Y1'VlVl'fI:lJV 11unu ~~:; ruuHm:;ll'YIfl l~~ 
t "" I , "",J "'" """''' <It jJ ""­
'W'W m 11f.U1 VV'llJ1:;'Hl1~ l'Vlrr'VlVl'fl:lJV11!l'f:;rvJrrVl'flrr1'lUHl11 'W 'Vl Vl'ft:lJ1l111Jl'f'W ~m 2 1:;1JlJ ~:;'lV~lJ 
"'" !IJ 91 tI"" do I 0 'If'W~'l1~ '1 ~lVfll'fV~~l'f'YI1HY'WVIl'ffl\l\1V'Wll1J1JrrV~ml~l'flllrr~ (Scanning Electron Microscopy) 
'VllJ';hmm~rr!l~~l~fl'W 2 uuu flV 
I. 1'WmtlJ~Hrrl11~lJfl11lJ'YI'WllHm:;ll'YIfl~lfl1fl1'Vl1l1v!l'f:W'WlY (Copolyolefin Impact 
ModifIers) 1'lf'W IvVill'W-hwl'fllvCJlI'l'l1fl'Vllllll:lJV{ (EVA) IvVill'W-1'Vl1V111'W-1 ~ U'Wl'YIV {'VlVlIllJV{ 
(EPDM) 'HiV~lflfll'fll11'Wl'l\l\ 1'VliiwVi~'W (CPE) flU 1'Vlllhwl'ffll'fllh.l''Hill'Vlviiw1:lJ.l' 'VlUilrr111~lJ 
fl11:lJ 'YI'W IIH m:;1l'YI fl~:; 'IiV~lJ V'4 fllf\ll11:lJ {Iii (Primary Particles) 'IJ V~ 'Vl V1I1:lJV{1:; 'Hi H m:; lJ1'Wfl n 
.!! _I ,~~ , ~ " ~ '~"I .!! ~ 
'IJ'W'iu lll'f:;m:;~lvv~ 1'W'VlVm:lJV11:lJ'YIm'llI'Wl'fflilf.U:;'lVfl'WIU'Wn~H~ (Honey-Combed Network) ~~ 
llrr\l\~1'W'i1l~ 2,15 
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4jtl~ 2.15 fll'Vl'lmV'IlJ~fltl'lJ~~l1m1ff,r!it~flIll1lJ'WUUU ritl~mlll1ii lUff~ 
(Scanning Electron Microscopy) 'IlJ~ffl11~lIfll1l1'WUHm:::Ul1fl~HlJlrlltllifllfltlJlIJjJii 
2. 1'Wmw~1~ffm~1If11111l1'WUHm:::Ul1fltl:::f111:1fl (Acrylic Impact Modifiers) 'VlU11 
lJIj 111 fI 'IlJ ~ ffm~ 11 f11111 n '1.1 us ~ m::: Un fl~~ ih\'flll f.U:::m ~ fll1l1 ~::: m::: ~ 1VlJ~1 u 'VllJ 1:1111 lJ{Ill l11fl 'Iff!~ 
Ufflll~1'WnJ~ 2.16
• 
..t .,,;, ~ .<::I.~4jtln 2.16 lJlj fllfl 'IlJ~ ffl11 'Vlll fI1111l1'WUH nseUl1fl'lf~lI l1flll f.U::: l1Hnau 




1'W111~fll1fi'1 ii'VllJ1:1llJlJ{~iifflJ1j~h~'WV111ff 1111 111 tl{M111V'J1i)1lI ~ff11l11mJl 1tlHI1'I'W lYm~lI 
~,,~ dId ~ d. 1 ~ - df111lJl1'WU1~m:::Ul1fll'IIlI~1lI111~l1 2.6 IlIVlIUH'J1'WIlIl1l11~lfl f1'VllJ1111ltl11IUUUl1lJfl (Block 
Copolymer) ~~ lf1Hff~1~tl1:::fltlU~1VVitl1:1llltl{ri1'W~U~~ (Hard Segment) ';tltl~ilUri1'W~<itl'W~1I 
~-d~.ll~ d '" ~d d(Soft Segment) 'IlJ~'Vltl111lJmtlfl'J1'WIlIM'W~ IlIVl1flllf.U:::'Itl~Ul1tlflm~I1J'WUUU IIlIUl1tlfl (Diblock) M1tl 
~ d tl ~ ~ 1 ~ - d.l d ~~, ~ ­11ll1Ul1tlfl (Triblock) l 2.17 Ufflll~fff.UJll'W1l1m'ltl~ f1VilJ111lJtl1UUUUl1lJfl 'If~~~lM'Il11ll11'VllJl1llJlJ1 
, d. d 0 ~.d. .d 'jIaI ... ... I d I ~ '" .:: 
ff1 '1.1 l1U'I~ ~ ~ l11M'1.1 1111'J1lJlI'I11~ n HfllVfllVi (Physical Crosslink)1Mfl UVi tl 111lJm ff 1'1.1 l1lJlJ 'W'IllJ III ~ '1.1 '1.1 
e1 ""'!JJ ~ """... d J "'" ale>. 4 .d • ..;" v '''''' l1'If.UMlJlJ MlJ~ '1.1 '1.1 1f1Vi tll1llJ eruUUU 11 enu ~~ lJ ffllUllIlM lJ lJ'W m~l1l'll'W m~ U1'1lrnn'J1lJlJ 'I1HII111UIlI YI 
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"" "" 101 'JJ.<!!l. " "'" .... "'" o'Q QI.... oJ' IBl\!'t'I fllJff ~'1 ~::lflflfl11mnJlJl't'Im Ifll't'llJBWI'l1B11lJV'lCl1fffl fl uCl::mJfllf1V'lBClllJB1lJfflJ UflUUUW11 q • .... q,I 
,~ ~~ ~ ,


















""'... 1 ""'Q ,... """'''W'l1ClW­ V'l1V'lClW- fl<JW 1'l1<J1V'l<JClllJB1 
1V'l ~ 1 mClYlw ff~ ~ flf1flll1h ~lUfl1 fl 
1 ~, df1V'l<J ClllJ <J1 UUUU M fl 
I'" ~ I'" d 1 ~ ,ff fl1W-Ulll1:: fl<JW unen f1V'l<JClllJ<J1 
Polyacrylic "core"!polymethacrylic "shell" 
Polybutadiene or polybutadiene!styrene "core" 
polymethacrylic'tshcll" 
~l 1 1 ~ 1 '" 1 '" ~ ,<J::m Cl W \lI1-Ulll1:: fl<JW-ff 1lI1W V'l<JCl!lJ<J1 
I<JYiiiw- 11iJClU<J9illllllllfIYt<J~llJB{ 
UN ff11lI1W -Ulll1::1 III VW 






PVC, PC, PET 
PVC, PC, PET, PBT 





rtl!H;lm1!!(HUO fI,~,(trtl! 0!'lfl~mH ~l!'::& ~flL~L tt,VlJj>IO~It~LflL tt,VlJj>1 ~rtmmu rtl!H;Ort1!!0M, 
rtfltl!\1tlU~Oo.!hYll!~ l!ttIJR&~1 nuuununMI!\ flUmtA1UfllltlUttwrt1::unttUtll~1O rnn111::mRUU ;,0 ~O~ p~bt~i6 ~~ Plbt ~ PI' I,:; it> 
[! ,!ilti'trtl!~lro~Ltt,VlJj>1 (,(1l0\OIjWOW) lflU,\;ttlEm!!o~lu,::mRull[!~o~t~nrtlJHstuttL~ Ul&~lllt~L 
~;0rt1!!0M, o~tl~U Ullltn ~1rtl!Htlu~Ofl,~L tt,VlJj>1rtltYlmtl&~::& rtIJH;Ort1!!OM,rtfl:'I!\!tlU 
~l runun ~~ ~ 
I!\l1rtlJrtu,tOrtmOM,~1 ::UllttU,ttl!\~fllt::t 11n.unIII ~ D.::ttllttrtl!nuttl JI,1 u,tOrtmOM,Otlt rttWt.kJt b'it> ;,of"p ... " In. t'l'i it> I ~ Ip bt5bF'P b' P b' 
nlJI,LU,tOrtmoM,l1uuiJlYttrtu tortmOM,~tt Ull1tluttUl&UOn n I!\n 111 ~~tlU::Ul1UU, 11::WtlUOI!\ t'l'i F'P b' it> ""f"P b' P r" IP ~ 1 
ruunu [!Y!tll!::mltt0krtltY0!'lttU,tlU f11tf111tlUttbfll~rtltY ttil'l rtlJHtlUUl& ~op1I1~~1,~~,(brtl! 
lWUlrtttOl(,I1l(,rtlWrt~l(, rtlt1 ~ttJl,tOrtmOM,It::lWl~ NOl!\ttl11l&rt1 fl~ltOrtmOM,~Ofl,l!\l1rtlJ~!.fll1tfl I t'l'i ttl P f" I b b' P "',P it> " I,;' 0I lrl p b' b'ft1 IV .... l" 
lttrmM,tluttIJ1::&~ttUIl1 tLU n tt~~ tll~l~ttJl,~flM,ltOrtmOM,Ul&~1 unm.um ~l(, I!\l1rtlJ~ !.f1l1tf10M,lttU /tI PI' ;:it> P"<:7 PI' b' "III ''''F'''''ttI it> If'o'!> 
rtlJH f1Ltt~~OJl,~OIJ!'Im~tt,V~l!'l~[!Yl~lu,::mRUll[!~;Ortlg0M,ltttLU ~l!fllrtlt rtIJH;0rt1g0M, 
(spuejq ~awAlod) ItJ:lllltOltmoM. £"Z p b 
lU,l OZ-,I ~llttfl,rtM,lUU,n::W I tp r ';" 




~"tll + /VN~ ci" ­
o 
o~~ Vd ~Oo.!!'l fllUf1~tt W::O~ltl1,V;rtt~U1 . ' 
0lUM,l~Oo.Ul(,0l1tlYi'm~ltlt:;t nurn W(jfllU,lo.1tlUUl&lrt~O ttl ~~l ttUlo.llltlrtllJ :;&tun va .... .... l' I I /I) <::>b'b' I v0 " y p(l'i In. o't> " t'l'i 
l1,VrtIJHf1LlttO~R~ (~t~LllL 1\011UgU1lrtO~1t UgU1lrt~W ug~Y:;o~w ttftl) ~Wflt~tf111~~tlUttl~ 
U, (tOrtmOM,YlttUU,Ol Ul1~1 !hlt1 tttl!) IJI\UU101UM,1 ~llfllrtlt suga\OA\Od paz!lEuoljOund F l' "'" Pb' I "III. hi I l' I:; b' 11'" 
"sugaloAlod poznsuonounj., ~ll~ Lrtl!:;lrtItl~tllJl~I\~~ nuu,muUQUItmil[! ~ t llJi'!L 
tlufl~ll\o.rtM,lUu,11::W~ snnU,rtltYrtlt1 Vd ~ !.fll1tflUrtrttWt.kJtul!\lJlUM,ttl1lttl~JI, 1stun1 T';" pt5b IYftllV/tI ""'''''' IP t'l'ib b 
9 '9 ttOUl\l, 
::un 9 ttOUI\1 un~l ~lto.~ltu~lflOttUttl~a.1 tlUrt(,1,~ttJl,I\OUttl fl~l ~~u,Ulrtttl~JI,I tlU:;Ulll!\UHtlU 1rt I t'l'i III t'l'i..... i6b Pf" III F t'l'i b "" b' 
mlrt~f1[!~rtttUt.kJ\;u~mUM,1\1J11\0UttL O~l\b~I\'vU~k~O~1t (Vd 'aPluI1lA\Od) ~rtvn!!oM, 
~ltl omQM.rtt"lJ:lUU,II:;WHilltU,ltltYltM.,tlJ:l or£TZ p",=, ~o ~ 
v£ 
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Ia e ~ ~ 1fl~ ~ Iii 'l fl111Wmvll1'IJv ~'Vl VillllV{ll~ 'I ~ 'IIW 'lVVwi'll ~'lJ "fll! til ~ fl111W f1lrll1~ ~ '1111 M'ihl1 ~ v'l 
mrlv11~111Nf1'lJ ~1 ~ ~'I111 M''Vl villlJ v{f-ll1l1~~~lii'lf1l111'lflM~ 11J l111lJ'911';~ fl<l<l'l<l~Il<l~'I'h 1M'oi'1111 
<l~ 'I 11Jl I'Vl:i I~1~ tJl 'lJ1 ~ lJ lJ ~ ~~ 11J la<l~ ~ 1flii '!iv~ 1mJ1flfl11tJ~111 'l16l11 ~ 'lJV ~ 'VlVil tll v {1~1I11~ <l~ oi'1 
. . 
'1141 ,,4, u 
2.3.1 fllnqI1J v~ III '"IfllllfllJ fIl1Nl.TU 
m '1 f-l<ll1"fl~l11 mrf-ll111 l'~ VtJ1lJtJ ~~ l1lJU~'IJ v~ 'Vl <Ill1~ floi'111~~ 1 'l1JHl1l1 U~ 'IJ V~'Vl <lll191fl 
.<:t.... ~ 9. "'" ", iI ~I .<::I. Qdo ~ .Q d.<:t ....= d iI 
Vfl'l1mN ll<l~ I 'lJI'II~ Iff1l!1l ff1l1V11 II'11 f111 f-ll1l1tlJ 'lJVf111i f1l111'lJ~ 'IJ V~f111 f-l<l 'lnunu lJ 'lm 11 '1'1 'l e ~ mt 
1l~<l~'I'1 u ~VIJ'I~ 9l~1 dV~lJ1 ~ 1fl'Vl<lll191fllJ~l1'1'1if~iil1l1U91'l111~0\' V~ f1l1ii11f1ll1 ~ ~~l11fll1f-lfflJ 1 'lV , , . 
f111111\m'Vl<llff91fl~iJ 1lf1l~ 1flhf~ll~ 2 'IIW'l~'lJ itJ1I1l11f111f-lfflltl'lJl~Vl M'~~'Vl<lll191fll 'lJlJ'lllf1~~iJ 
. . . 
ffllU91'l1 ~'l111lio\'v~fll1 1 'lv'ib 'ltJiivm'\'flf1l1f11111ffll~'lJtf'l'1 mff1l!llii~ 1'lJ~lU 11f1l~~~V 'ltJii 
1. IvillffllU~~ ~~~ ~U111'tlu 11~U '1'11 ~ 1ff1m111 1'lIJii11fll "''lJlJ Uf111f-ln\ll ~ 1 
2. I~V~I'lIUliff'J1M'iJfJtIl ffllU~~,);~l1'l\llll1o\'V~fll1 
3. l~vl M'lii'lf11mffll~~ 9l~"'V~v1ffVflmii'ltJamlJlri'lJ'lJV~'VlVnlllV{ 
4. I~ VtJ1lJ ItJ~ V'lJ ,hutJ1~fl VlJ111<lff'l,hu1u fll1 f-lfflll M'~0\' \iIllJ~ '.l flfl1'"V~fIl1 
5. l~ V'IJ V11JtJ1~ i1'1'1 Uf1l'Vlll<l ~ 'lJVlJt'IJ\II fl111 ~~ 1U 'IJ V~ 1~\II'Vl<ll ff~ fl~ iJ11fll');~ '1 
6. I~VtJ1~1v'IIulufll1111fllllJml~m.i'IJV~iff'J 
~1 u ,hu ,h ft Wll<l~ 11'1 mYl'lJ~ v1fl~ff'l i'iV f1l1~1'lI Uliff'l ~ 1'Vl1fl'VlVnIII v {1M'iJ ffllU91 \11111. , , 
f111110\'V~ mrVVN f11lJ ~1U oil ~ ~~ '"V~ V1ffIJfl 11ft'lInVfl'Vl v n IIIV{ ~11'l 'lJl'hu il 1~ nnu 1111fl1 'l1J'l~ 
11"flfll1~11ffll U91 ~l.i u 'IJ v ~'Vl vnlll v f 1111111 fl~~ 'II'lI')WtllJ,hu ~~<lV II<l~'Vl VillllV{lifl oi'11iien~ 'l~ I'!iu 
'Vlviiv <lflCJllll'l'1uii'lJiJ fflJU~1 ';~fl<l ~mfl Il~MvliYV i'iv fivu ~ N ~~iJ1 m ~ ffr N~ltJ11~1Jl~ flU 
laV~lJ1~lfl1 m ~ffrNlllJlJ~lV '1 l111Mfl11111'ltJl~~ 1U\Jfl~ltl'lV~Il';I'WV~11'lU,hutJ 1::flVlJ'lJV~ffl1~ 
iif11111ii'll1Q'lJ.iVll1 ~m::ll'l'1fl1Jl~'IIW'll'!iu 'Vlv~"h\il:: i'lVU 111<l 'VlVii~1l1iU 
2.3.2 fIl1Nl.TUIJ18.flU'l'lfl1l.TPlflVmi'ilu84 (Blending Of Thermoplastic Polymers) 
fIl1~I'lIUlffllU91I';~fl<l(Mechanical Properties) l'!iU f11111'1'1'lJm'lJ~Vfl111~~lU (Toughness) 
11'lum'lf-l<l,hftty1 Ufll1~I'lIUll'l'1V1t1l'Vl<llff~flfl<l<lVVfi' (Thennoplastic Alloy) 11'1:: llJ<lUfi' (Blending) 
• 
m 'If-l<l1ufll1 f-l ffll'VlVnlll V{l~l~,vriU ii~~ii 
1. fll1~I'lI'lJlffllU~m~~lUfll111tJ 1~tJ 1um::1J1'lJ f1l1f-ln\ll'IJV~'VlVillllvf (Processability) 
. 1'l1Jl'ilm::l'I'1V1tll'Vl<llff91fl tJmll'l'1'VlVnlllv{v:: hm~fl (Polyaromaticl ~iJ'ltll111;]IJ');~ 'lu 
m::lJ1Ufllmn\ll 
, . ., . 
2. lVlVffllU91'l'1NflllJf1l'Vl tl<l::ffllU91'l'11~fl<lli~;ju 1 'llJfll11111M'ffllU91l1m0\' V~fll1'lUll~<l:: 
• • 
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m~U1'Wfll11'1'l11fi<l'l'Hl1ff~fl (Plastic Recycling Process) 1'Wl~V~'JV~I'l1fl1'W1<l/j'JV~fll1 
~ .& .........d 'JI ..J i ~ di "'" .... Q,I "
 HfflJUHflHm~ ~~llll l/J{H tJWffllU>l'l1111'W~fll1'l1~ fl1Jl~lflflln 'lILfl<lH<l>lflW'I'1 
Q,.t:t, ~ "'" """ t!2.3.3 1Iinl"m1.'f~l'I18':l1~,\,lI,l11.'f91n'l'l8ill~8':l (Method of Thermoplastic Polymers Blending) 
..A " I "'" ... .d""'.l "'" I,..}
rneu1'Wrns Hffll ~ ~l flll ll'W ~ l~m lll11 'W 111'WI 'W'J ll~ en ~ 1'lI'I'lll<l Lll V1'I'llflfl'J 'W U111W1ll ~>l VL'lfVll 
Q,I .....,. 0 q 'JIi Y ....dQ.:.cI QJ Q,I d':.cI Q,Ifl'W'Jll~'I'lll<llllV1 '111 III fllUlI'Wfl'l1lll'Wlltfl~1fl'W (Homogeneous Blend) 1~flUfl11ll1U'Wl'Wlltfl~1fl'W 
.l.Q,I "'" " do 0 <:>.d ctV




llifll1Hffllff11Jl1flll'li~i~L1'I'W 41li,,~ii fiv 
"'" q Y Q,I ... .d"'""'" Q,I1. fll1Hffll'l1Hfl<l (Mechanical Blending) Ufl>l~~ l'lfflUfll1H<l>lIU<l'Wfl'l1ll<lfllJW~fll1m~~1~ 
........ ""''' ,d"" "" d
II uunnn '1 eu U>l'J ll~'I'lll<llll ll1 Hffll V~'I1ll'l1li 'I'lll'J ll~ fl11ll111'Jll ~fll1 Hffll (Speed of 
.<:>, .<:>, "do .d 
Mixing) 1l<l~QWlllJll'JV~fll1Hffll (Temperature of Mixing) 'I'lll<lLllmHfflJ'I1'111fll1Hffll'l1 
~ ':.cI 'j) "'" d 'JIQ,I Q,I
IU'W I'W lltfl ~1fl'W ~~ 'lfl1Jlll <l~ ~lflfll111aeu Ll1 <l11'W m ~ U1'W rns H<l>l Lff1 ~ II<l1 
3. 'I'lllilLllllfh1'll9f'W (Polymerization) Ht'Wrm Hilfl'l'lllilLllllfhL'lI9f'W IIuuviJ<li''W (Emulsion 
d , • ~.'~.I' ~. ~ Polymerization) 'I'lV<l LllV1 ~~lJfl'l11l11llY I 'W1u'Jll~lI1L'I1 fl'll'J'W 1fl~lI fllfl >llllfl1~fll1fll~fl 
v ..,
oW renn'lU ~~ i~fll1m~~lmLlI~fll111~flLL~~'Jv~lvlffYi ili,jllrUll~ n'W (Discrete Phase) Yi~ 
4. fll1Hffll~1~fll1'l11U~fi1~1 (Reactive Blending) ~11'l'Wllifll1Hfflllluu111lir~vui'uu
m~U1'Wfl111M~1~~'W'I'Wfll1'l111ff'l(Material) '111li '1 ~lfl~1ill1ff'l~ijm1llL'i'hfl'Wilii~ 
lJ: ~ m~U1'W fll1iiL~~1oli'll~flUfll11~llri1'W U1~flVU~ 3 1'W fll1'l1 1u~fi1~191 ~11'l'W 1fl'l'lVilLll 
V{11lll~vbni'W Ull (Multifunctional Copolymer) fll1~1'lJ'W1fll11oli'lfl'W i~1 'W 11 ~fi1 m'Jll~ 
ms Hffll L1'I'WtJW ffllu~~ijV'l1n'l'lll,jllviJlIoJfvl1~V~ (Emulsifying Effect) fll~1'WU~Vfl'JV~ 
ff1~ 1'1ill~llm1vl1fl'l'l1Jillllll{(Graft Copolymer) 1~l1':h~fll1Hffll 
~ d ~ .. '.12.3.4 'lJ8'l'l;n':lW1 !"Ilfll':l1il8n8~fl1J':l~n8'IJ'lJ8~fll':lN1.'f~ 
1. >l11~ ff1JU tJWffll U~'I1 H fll ~f11'l'l Illl~'I1 Hlflij 'J II~'I'l1J il Lll 1J{1 'W Qflllfl~~ ~1J~ mr 
"'" ~ ""''' """ .d.cl..... .d 'JI2. IIIllfltJ WffllU>l'J ,N'I'l1JlI lllm'lf'W fl>l H '1 'I1ll'l'lfJ>l m1ll>llll 'I1>lll~fll1 
'JI "'" 'j) """ ........d ......
3. >111 ~ff suullfl 'J1Jlff~'J 1J~'I'l VlIlll m 'I11l\1Jfl1Jl 
4. >111~ffllU 1'Wl~~lff1lJllff1ff>l{ L'Ii'W 11fll.i'W"lJ'W'J1J~'I'l1Jil Lllll{ flmoli'ln'W'J1J~'I'lllillll1J{ 1l~1J 
HlIrrs ~'11 U~ tnrneu1'W nn 
5. 1111m ~ ff1H'J V~'I'l vilLll1J {1'W 1J flllfl~~~::: 1Mff1J11nu~ ~~~ ffflllrl Hil>lnW'Ii' 
37 
o<!l. ~.... .... 5' 31 i .., hi 9J 9J 
6. lllllflflf.Ul1l1lJ'l'IJll~'I'llHHlImr-ll1l1 'Vl1~'l1'W1J1ll lIlllflll 'l1UlJ~ f11~r-l1111 fI11111'IJ1I'IJ'W'lJll~, . 
(: I • I~ ~ ~ ~ ~ '" ~ ll~fllJ~::fllllJ lJ~1I1f.U'lJll~f11~1'IJ1fl'W1'lllJ'W'l'W 
.<:tdiG):iI""'i 9J d.:iI' .., ,d
7. Ml'Vl'l1Jt)l'l'lll IlHfl'l flHl1~l~'lll1'Vl'lll~f11~1'l5'W f11~fI1lJfJlIll'l~lf11~MllllW'W nseinums 
'l fl r-liiflUll::1.J Ui'WV11flii 
" . I'h'W1.J~::fllllJ mlfl'IJll~lfl~ll~li'l~ 'll1fl11~V1 Ul1'l~~lVll::lliV'l~~11.J 2.18 ~~l'ill'tliJ 
, '. »" 
n) l1fl1 (Extruder Screws) mr1Yimlfl'IJll~l1fl11~V1'IJll~lfI~ll~llJfl'll''Vl1'l11~1.J1~~~iJ 
OJ d o<!l. "'" ... ... 'j1 GI 
mIll 'l M~ IIr-l~'I'lllll1'l fl~lfl m1Vl'l1l'l'lllll1'l f1l 'IJ 1111 I 'Wm::lJ IIfl
 
I I a .... ... I <:t 9J 'j1 .....
 
r-l1111111'Wr-l1111'l1~ '1 fill 'I'l1l111'lfl111~I'lllU'l~ lm::!Yl'IJ1f11Vfl'W 
• 
'1111 M''I'lll1l1Af1lil'lf11~ Mllllll I~ 'WlIjlll~ V1n'W 
'lhVlvtllfl1111~'W 'lJll~'I'lllll1Afl Mllll 11 l~ aim 'l5'W:: U~ ~V11'W '111111'11111 1~ nri ~ 'I'lll11'1Afl 
Mllllll1 1.JiJ~ ri1'W~'W '1 'lJll~l1fl1Ull::111'llV'W1~ 





o<!:t y,d GI ~ ". "'" 5'1 Q,f
'IJ) meuen (Cylinder mv Barrel) 'H'lllVl'IJV~m::UVfl ~'llLmV~LVfl'llVl~Ol OlV IU'll1ll1Un~ 
.v ~ ", ~ ~, v' ~ ,,;,11m I1f1lV ~'lllll:l:: IU'll1ll1fll:lN l'llfIl7mmVlmllnV'llllfl'l'll:l111Illfl 'IJ'lllOlm::UVfl'IJV~LmV~mfl'llmOl 
i 01 V..t" 1Jii~~Il~'IJ'll10l1~ n l~'ll ii L\1w·h'll t;l'll6fll:ll~1J7::lJ llll 25 iJl:l?1LlJ III7 ~~I1'l'lllfl~ v~mfl'll'Vl ~Ol~ 
Hitu ,rv~1Jfi1J~fIl7 ffl'H 7'ulfl~v~mfl'll'Vl~0l~l1llJ17~~::1~ii''ll ~111Jl u i 7~~l'll lllll 111'11m 7lJ ii'IJ'll 101 
L\1'llHl'llt;l'll6fll:ll~v~1 'lJ'lh~ 65-200 iJl:l?1llJIll7 ll~iJ~iiLfl~v~mfl'll'Vl~Ol~ii'IJ'll lOll 'HfylJlfl fiv m ::uvflii 
v' ,_, ~ ~ .I d _, .I ~ 1!'l i ~ LI1'llHl'llt;l'llVfll:ll~U7::lJllll 600 lJl:ll:lLlJI'\1 'Il~lJmllJV11u7::lJllll 15 LlJI'\7 'Il~ ~'11 ~'ll 7~~1'll'l'll:lll1l'\fl 
" ,fl) llH'lJlU7mflm Ill::llm~mv~ 1ll:l::V::lll'l'l'lLIllV7 (Bresker Plate, Screen Pack and Adapter) 
I A I ' .;.". <:S ".~ • ". I 
111'llUm V'IJ V~ m::Uv fl'IJV~ Lm V~ m fl'llVl ~ 01 ~:: u eeuOl'l'l LIllm VOl III:: II m ~ lll:l:: II H'll 1mru flm llH'llLusn 
, " 'i d. d.eS 91 I tI ..,. "" 0 0 91 d.qlfim11'J'llllH'll l:l'H::fll:llJVlL ~l:: 7VllJLI1'llH1Ui'fUVfll:lN1J7::lJllll 3-5 lJl:ll:lllJI'\7 ~lU 1U inn Vll'H U lVlIU 
rm1J7'UL1J~ V'll <lfllJ 1lI::n171 'Hl:lL1'lULfli:i V1 Li1v~~l flfl17'Hl.jU 'lJV~ I1fJ7vh1,rii<lfllJllI::fl1711'lU l:lliJu11 
.1 I 9 9J "" "'" ?I ':.<:t QI \I) jI.<:t.l "" d...,
lJl fl'IJU 1ll:l::'111V ~ '11 'l'll:l1111'\ fl'H l:lVlJLflOlfll7 Hl1lJLu'lJl'llVlOlV1fl'll ~Ol Ol'IJU 'l'll:lll1l'\fl n ~ '11 l:l<J VfllJl~:: IJfl 
~ v .I 0 v d~ d _, ~ d. ' • ,~ , 
7V~m0l1VI'\::llm ~m V~ 'Il~Vll'H'lllVl ~ UfIl7mV~11~l1flu7fllll:l::'l'll:l111IllflVl~lJ'H l:lVlJ ~ '11 l:lHlU '111011 VU 
,J , .:191 j} \I) ". 0 9/':.<:t •QI 
'Ilnl1fJmmum'HllOlI'IJ1 ~ 1Jlu 01 reu~::Vll 1'H'lIU ~l'll lJ~OlUfl'l'l1<J ~ 
"'0 j} d.Cj ..s I tI 0 "'" 9 j} "'" \I) I'J QI
V::lll'\'l'lLI'\V7Vll'H'lllVl ~UfIl1VI'\IlHlJLmmflV7 1ll:l::fIl'HUI'\Vli'fVll~ ~'H'l'll:lll1l'\fl'Hl:lVlJ l'Hl:l ~1Jv~ 
-<11U 'IJ V~1111'\1Vlr U Vfl~lfliJl u ff1U 'lJV~V::lll'\'l'lIIllV1iJfl~::iifll7~0l1'l~1'l11,r ~ au 'll0l101 lllll '11 l,JiJmllJ
LLl:l::fl1llJf1U 'IJ V~'l'll:ll l1~fl'H neu~ I'll l:lL~lff1111'llVlr
• 
QI a QI "" 0 ~) 'll0l1<H1UllHI'llV~~lflmllJI'\U'lJV~'l'll:lll1lllfl'Hl:lVlJ (Thrust Bearing) fIl7'HlJU'lJV~l1fl~Vll 
~v~ ~ ~ ~ .. v ~v d d ~ 
~ mfll'\mllJ I'\U l:lll1lllfl'Hl:lVlJ fll V ~ um eunn Mlllv~vvmlUU l'Hm::UVfllJf11llJ'H lJllJlfl'l'lVVl7V~1U 
• tI • ,'j/ • 
mllJf1IJ'~i&ill'\;ju 1~ ff1U 'lJV~l1fJ1~1'll1'\1~ii'u ~llJ~::d'Juff1U i'h V~7'UIl1~i'i&ill'\1iULWV~ ~ lflmllJf1U'lu 
.J.<:t"'" ";'''''.%4Ql9IQI QI
meunn 'Il~lJVli'fVll~1'\7 ~fl'll'lJllJflUm ~VlLfll'\'lJUIUV~~lnmllJI'\U lurneuen 
<:so'.t"" o ""dGil9l'l Q/991~) 1::UUlfiV1VlOllll:l::lJVlIllV1'IJU (Reduction Gear and Drive Motor) fIlMVll'llIUfIl7'IJU l'H 
• v ,.; _,~" • vi " ~ d ,
I1m'HlJ'll ~OllJl~ lfllJVlI'\ V7Vll1llJ17 ~ummllJL71'IJV~fIl7'HlJU ll'\ 1'\ VlJVlI'\V7~::I'\Vflm ::UUflV1VlI'\. , , 
"".Ao dG) <I QI d GI' 
1ll:l::I'l'll:ll'IJU I'l'lVfll'HUl'\mllJI71IUfll7'HlJU 1ll:l::Vlmfl'IJV~l1mVIll11L11'IJV~fll7'HlJUl1m~U'I11~ 5­
q '" q '" 
I "'" .:, \I) .<:t ". d'G) 9J )I IV d"",'" d. Q,fI
150 I'\V'lllVl il'lVVl1 ~ 1J1::UUlfiV7VlI'lIll:l::lJVllllm l'Hl1fJ7'HlJU mVVIlI7lfl~VllJVlV7fl~ ~Vl'lJflf1l'IJV~V0l11 
fIl7'H lJU lll:l::1lJii fll1m::fJ fl'IJV~l1fJ7'IJ1lI::111flm1J~vuvm lfll7'HlJUmh~~Vli1v~ lJVlIllV1~1~ff1U 
~.,., ~, , ,
I'HfYIUUlJVlIllVmUUflVlJlJ1I\llLllIm (Commutator Motor) Lll:l::lJVlIllV7m::IlI1Il1H (DC Motor) 
". .A ". ". J. rI ?I,d..<i"""QI
'II) I'llVU'lJV~LmV~lVfl'llVl21'\ (Extrusion Dies) 1lI1VU'lJV~LmV~mfl'llVl2Il1LUUI11UVlVl'lllll'lflU 
, _I I tI " "et9 ~ Id "'"I 0111Uul:llV'lJV~ m ::UVflIllV~lmIHlJLm mflV711l:l::IlI::11m~m V~ I'l1V'll Vll'H U lVlIUfl17lul:l V'll'l'll:ll111l1 fl 
'Hl:lVlJ l,rii ~ 1J 'i l~ 1'l1lJ <lfllJ 1lI::'lJV~1110llVlr ~~ i I'lv~,1 1J~u ~l'll 'l'll:l111~ fl ~ lflfll7lV fl'll'Vl2Olii ~1J'i N 
J '4.1 "'" "'" QI ". QI ~ tI .9 ". ""'''' , QI .1 I 
'Hl:llVllUU'lJUV~flU'lIU0l'IJ<J~ Hl:llllfllll '11 I'l~U U I'llVU'lJV~lmV~lVfl'llVl21l1~::lJ<lfllJllI::lllllflllll~flU 'lJU V~ 
• • • 
39 
'II) ns 11Jl~1I'VHnff~fl (Feed Hopper) Q11m cl'HI~1J'l'Hnff~fl~ ~ 1u m::;'lJVmt~::;fffl~ 
, , I I j/ 1~U~1111ihlmJIU::;I1'l'lJm11Jl~~1I~mmm1ff~flli~fl~~iifffl,djv~~lml H 1W'1J(h~'lJV~ Infl .l~U'lJ ~h 
mel'lJ'lJV~m11Jl~1I~::;ih11111lJ''lJlYiv~~m~lffU~m'lJ n~::;lJ'fl~djfl1111i''lJ1I1fl'VW~~::;1M'~~lff~ fl11I~ 
. . 
1.1'IVlv111::;ff'll~fll~ 1ums1<lim1ulJ'fl~::;ihi1'lJ111::;flV'lJ.l~~V 1110 
, . 
,hll~ IVIV1<li1ums{lv~ n'lJ~'lJ ~::; vv~ u~::;fI1111~'lJ 1~11J111 ::;11'lJ n'lJ~ ~ 1ff~ fl 
. , , 
nii'lJ iil'h'lJ,h~'lJv~m11Jl~1I IVlv 1M'ff11111\111~n~::;lll~ 1M'~~lff~fl 1 lI~n~::;lI ~~ 1.1' 
~ v 'd 1 ~ ~ , Q d '1 • ~ ~~ 91) 'II"1lIf1111J1V'lJn~::;lI~VW'lJ rns lIf111mV'lJnfl~mff"fl'llV~ urneuenm l~ tMfl11 
~ ~ 1 ~ ~ ~ •.I-~ ~ ,"', _I ~ ~ 1 ~ 11I'11~"1 lIf1111J1V'lJ lT0"i1l!1J1V'lJ'lJVflm::;'lJVfl nmVVfl!'lJ'lJ'II1~ 'llJ1::;1I1IU 4-6 'lI~ 91~"1 lIf11111
. . , 
f vwmhO ~::; ~ vn'lJ.l1fl1'lJ flll IVI V1M'ff11J11 \111 i''lJ 1TI1JlI~::; ~~ VIU1IniJ 'IJ V~ n~ ~ ::;'1h~ 1.1'Vlh~il ff1::; 
1~ U..r1111.l1mim~'lJ ~::;I1'l'lJ~~ nunh (Blower) ~~~~~~I1'l'lJ'lh~~ll1~l'lJ1'lJ'lh~'lJv~'lI~1M'fI1111fV'lJ 
)I, ) )1 )/ , 
'lJVfl~lflOli'lJ~ I1IU flV (Throat) 'IJ V~m11Jl~1I~mff~fl~::;ihl1miVl~'lJ 1 lI~"fl V~l1m ~~O lVl Vhi1M' 
~ mff~fl~'lJ.l1n'lJ11'lu({V'lJ n~'lJ11~1..¥'lJ msnU 1lIfl~~ ~m::; 'lJen 
2.3.5.2 'I'Iannl'niHlU 
",A. '" .c:l. Q.I .A.<:I •2.4 fI1UJJ!'lJ6~\l1'lJlflU1n'lJ!fl'nJ~il\l1 (Injectlon Molding) 
• 
rnsIi~~ mff~fl!~1mjTI1J'l~ 11'l u m::; 'lJ1'lJmsmlfl1u rns Hii~:ji'lJ~ 1u ~ m ff9'imh~ ~ ~ 11 u fl::; 11'1 u 
m::; 'lJ1'lJrns rns u 11 1 ~ 11 ~ fl1 ff~ fl~ ,htl'i\l~ l'/~ m fliJ flfll1 Ii~ ~ fl1ff~ flu en ~ rn'l<lin11 1 ~ 11 I'llVn11 
~ mff~fln t\'1 iJ~ iJUlIH'n111 ~ 11~fl1ff ~fl1 u fl~1I1 'llv{111I9I~ ~ vii111 V{l:U ~ 11 1::;ne 'lJ 'lJV~ 1..¥'lJ1U'IIiJ~~ N '1 





I	 ~I 4!1 """ .CI, "'" I ~I I ... ~ 2.4.1 erl'1l1J1~fltlU'lltHlfntHll~'I'l1l1j;J~fllJl'fl'1l1J~~m)lJ 3 muunn flV 
1.	 ,\!flll<lVlJU<l~ilfl'V'H"l'f~fl (Plasticating and Injection Unit) 
, 
~I"""	 "'" ~ ~1Jn 2.19 Ul'ffl~'IIflll<lVlJU<l~llfl'l'l<lll'fflfl(Plasticating and Injection Unit) 
~	 ~ ,~, 
2.	 ,\!flufl!uflUlJ'I'llJ'I'l (Claming Unit) 
3.	 ~~lJlJfI1lJfJlJ1!lfl~Vi'iflll<l~~~lJlJhJ~1 (Hydraulics Controls and Electrical System) 
l'f11J1~f1l'f~11mr1~ mlfl'l V~ fJUm W~ Wl 1'W'IIflll <lVlJll1mua ~il fl 'I'l<lll'f~fl 1$1.1~ if 
, ,. 
I.	 Vi 11,r'l'l<lll'f~fl~ v~l 'W ~UI~flll ~mHll MlJll1 <l1!i'l'W11'1tll~ ~1 !UV~~ 1flU'VlnYl<l'lv~m llJ 
'jJ ... Gj 'jJ ,... .d.	 'jJ..It.<::! .<::! ... 
~ V'W ~ 1flfll IIIrn1mV'W 'VlllV~ VlJ'W Vflm ~ lJenu<l~ m 1mV'W I'W V~ ~ 1flfl1~!l'f~fll'ffl'W'IV~ 
l'fmnlJ'I'l<lll'f~fl!!<l~'I'l<lll'f~flnlJ'I'l<lll'f~fl
• 
o	 ,....d9 ' ..,. .:9 c:t III ~l d ~ .<:>. "'" III 
2.	 'Vllll'W1'VlI'Wfll~l'f~'I'l<lll'fflfl'lf~lJ<lfl~f1I~lu'Wlllfl ll~V ~~~lflm1mfllJ'I'l<l1l'fflfl<l~ ~'W 
m ~ U Vfl 111V ~ ~ 1fl fll ~ lllJ, 'W 'I 'N nns.llll~ ~ 1fll'i ~'I'l <l1l'f ~ Ill! <lVll 1 U I~ U l'f ~ l'flJ 1'W'Iiv~ 
'jJ ,... J. """ """ fl1'WII 'W 1l'ffl~ 1'I'l tllfl ~ ~lJfll~11fl 
o	 ,....d" d ... 'jJ, ..... ~ 1 A "".., ~ I 'jJ ,...
3.	 muum lurru IflUl'f~l'flJ'I'l<lll'fflflll<ltllJlmUlJ'I'llJ'I'l fl~fll~Ifl<lV'Wfl1 Iu'INll'Wl'1V~ l'ffl~ 
1l1~fl11lJ!~ 1lJ~ I~viiv~n'Wfl n II~ ~~1'1V~'I'l<lll'f~fl'l f1I~ 1ll<l~ 1'Wii11111ifl!~1til !:uYllJ~ 
4.	 'I1ll1 oQ'1~ 1 'W fll ~ Iifl'l'l <l1l'f~flllMlJ!~ 1U:U YllJ~ 1fl un m f1~ V'W ~11U ~ N II oQ' ll'ffl ~ fl1 ~ 
d .;" _~ Q..I d ... """ lrJ I Q..I Q..I <::I. ,... I ' ..... ~ 




5.	 vilhl'tn~IlH~lHjl ncil1fitJM<1~~lnil~vH'lllY~nM!'lmmhuHhJ'n t M'lYn~fi'NtJgt U 
.1111mJ ~L~:lJ\?i1vll1l~~Ulm.Jl::lY~ l~m)~ tM'VI!'lllY~nii lYmJ~I';~n!'l 1l!'l::'I5~L 'l5vn n M~~1 
m::mu nnil~VI!'lllY~nllU~ 11'lmJu'ItJU\ih~'l11'i'~~il 
~U'I tJU ~ 1 mjVi~vru'l 1'1lnl1!~tJU mjVi~vr~~lYtJ~9im ~lfiUl~tJU'lgtJll t M'IlU Ull!'l::IlHU~ 
• , d 
'ItJ~~ lnn11U1 ~~lnnl1\l'l 
~ d 
UH'IUVlmm::lY~ 
y, ~	 ,ioI 
iJU'ItJUl1 4 1::V::t~UH~u8l (Holding Pressure Phase) lVltJ!'ll'lnlm~.r1'\1tJ~';U~lU 
~U'ItJU~ 5 111il~t1tJvn<1U l~m'ltJ~nu1~tM'111ill'ltJWMnii~1Inu1u., 
. , 
iJU'ItJUl1 6 1'ltJUVI!'lllY~nM!'ltJ~l~l t U'litJ~1NMU llYn~ 1'1VlYn~ ~::m<!u .,tJU.r11tJ~~~ 1M' 
~ ~ • ~ d'" ~ "" I' ••VI!'lllY'In~lnm1m'l~I'\llmlUm::UtJn\l~ U!'l1!Il!'ltJUm l.u'\lHMUlVl.,tJ~'l 
fiu fiUl.nllm"M!'ltJ~U"'1lY::lY~ t u'litJ~ 1HI'i'lUMUl'\ltJ~lYn~ 1~V~~ '\ItJ~111il ~ 1'11 
tM'LnllU1~~utM'lYn~ln'l nl1t1tJV'I1<1~n<1U 1~vv'l1 mJ~ !dtJ1I'i'uimWVI!'lllY~n 
ioI	 iI. iI. ioI iI • 
iJU'ItJUVi!fll; nl1'11cimgulil~;juVlrtJ~'lfiunmi~iJu'ItJUl1 5 ~ tJ 1iluu ffUlY~iJU'ItJUl1 6, 








d	 =11)" .<!i jJ
1.	 llJf1'VHHHllllJf1 (Nylon 6) 'IHJl1Nfl1~m (Akulon) lmf1 V - 2 
2.	 VN1inlJ'l11~ (Natural Rubber, NR) Imf1 STR 5L ~ll~U~l1l1 m~ll1viJmr1~ ~lnf1 
,	 .. 
o:!t	 o:!t 4 OJ ~iI 
3.2 Itnll~ll!lnmHlUllll~lmtH'lflnll" 
~ d	 I 
1.	 lmll~11f1l'f!lUtl11lJll~~m~ (Hardness Machine) PTC MACHINE ~U 307 L 
.. ~ 
2.	 lmll~l1f1l'f!lUfl1nlfl~!l(FlexibilityMachine) GOTECH TESTING MACHINES 
1U QC ~ FMS - 01 
4	 . 
3.	 Ifl~<J~l1f1l'fllUfl1~l1Um~m~lll1fl (Izod Impact Machine) 
..!t.<:!l	 , 
4.	 lmll~l1f1l'flll.Jfl1~l1Um~f1~ (Tensile Strength Machine) LLOYD MACHINE ~U T30K 
..A ....	 ;::t "'" , 
5.	 lflH)~1lf1~f1'VH11l'flilfl (Extruder) AXON AB, MASKIN MACHINE ~U BX ~ 18 
..	 ,~ 
6.	 lmll~fll'flJfl~'Il1,!1-ll11.JUm1U (Chamber Mixer) BOSCO MACHINE ~U Mixer 50 
.. =	 . 




8.	 lfl~ll~l.Jf1'VHl1l'flilfl (Rapid Granulator) MASKIN AB RAPID MACHINE ~U 33010 Bredaryd 
<!l, Q ....	 I 
9. Imll~QIil'VHl1l'flilfl (Injection Molding Machine) GREASE SUPPLY MACHINE ~U KMI49 C 
..A d ..".	 • 
10.	 lmll~llUllJf1'VHl1l'flilfl Q.C. APPROVAL MACHINE ~U ML - HD 100 
<!l,	 Q,I ... I 
II. lmll~lllil'VHl1l'flilf1(Compression Molding Machine) YUE CHIEH MACHINE ~U FC-50 
, •	 iI , 
12. Ifl~1l~i'~1l1'll'll'flViiJtl11lJ1l~lilVlill1ffi)VlJ4 ~1ll'll'li~ METTLER MACHINE 1U AT 200 
2.	 1NI\flUfl1~~11 i)Ufl1~l;)V
. , 
3.	 ;)f1'1l11ml~1.J'I1~ 'lllmWll1l~lfl~ll~jjll~Wl 
4.	 Vilfl1~fll'flJl~f11U1l11U 6 nUV1~1inlJ'l11~Vi.JIil~lri1uIli1~'l ~~U 95:5, 90:10 111l~ 80:20 
G Q,I jJ a Q,/ 
\il1lJ 1llf11.J f11mfl~ ll~ fll'flJfl~ 'IllJuuUUm1V, 
.Q J <:>. v..it .... ;::t	 Q,I d!J1 d d 
5,	 fl1~ llil ~ VlJ~ U ~1l 'Vl1l1l'f1il flfll'flJmmmll~ lllil~ Iil (Extruder) 111l~1il Iil UJf1f11mm ll~ Uf1llJf1
. , 
6.	 ;iu ~ 1l'Vl1l1l'f~fl fll'flJ (~lfl'; II 5) IVlllII1111Vi 1ms 11 f1l'fllUl'flJ u~1li N 'l.l'1Vm ~ U1U fl1 ~U Iil 
'Vl1l1l'f~fl (Injection Molding Machine) 
43 
d 
7.1 'l1'HHlUmllJll'IJ~IlH (Hardness) VlllJlJ1Vl1!lU ASTM D 2240 - 86 
7.2 'l1VlIlllUn11'Hn~V (Flexibility) VlllJlJ1Vl1!lU ASTM D 671 - 93 
7.3 'l1f1IlVUn11'l1UllHm:ll'l1n (Izod Impact) VlllJlJ1Vl1!lU ASTM D 256-97 
7.4 'l1VlIlVUllH~~ (Tensile) VlllJlJ1Vl1!lU ASTM D 638-84 
~ , il8. 11ml:1I11n:Il~ ~nn11'l1VlIlVU 
9. iVll'il110~lUlln:1IlUllYHN1U 
• • • 
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v r4IWllll~ Nylon 6:NR 
omll'hw 95:5, 90:10, 80:20 
"'" """.... I ,
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v "' '" i "llt,~ IV "'"3.4 'U\lfltl\llll'nl'l"ltJU'l'ft1UrflIlNtTU AtJltilll"ltlA"l A (Extrusion) 
I. ll1l~A Nylon 6 f1'lJ VN'6nlJ'II1~ lJ1Hl'I'lJ~lmfl~EH\ht1IJWB'lJ'lJmlm~Wmll 20 w1Vi jj 
•VA~lfflW.JWl ~~iJ 95:5,90:10 Bl'I:: 80:20 l1jtl{I~W.rAllJ<11~'lJ 
2.	 111fmlllAlfl~tl~ Extruder 1~tl111f11~~wtfl~tl~'HntlWlAvi~lllll't1fJii'Utl~ Heater ~~::~'lJ~1'l 
" ' d'JWnJ:ll I il1m 
3. ml~l'I'tl'lJl'Hlll'l'~fl'lliJA ~W~ tlmi'l~tl~1w min' ('t11fl'l'f 'lJl'Hlll'l'~ n~ ti'Ntl ~1,rti1~Atltl fl1,r 
" . 
't1lJ AntlW) 1flVf11nH''lJl'I'fl~1~tl1 ,rmlll'l'~ flViti'Ntl~fllV 1W'1't111 aenu1~lflfllVW ~lflUwt~lJ 
'l'fl11l'1'~flA1lJl'I'i'l~~ Hl'I'lJ Hl1~ 1WmlVI~lJ l~tl '1 ci'l'f111l'l'~fl~ ti'NtlIJr1lV1 uuum ff~lfli'lA 




4.	 uf'lJI'1~lllll 't1 fJiiij Heate 1WB.Jl1::1'lfW 1I1'l't11J1::l'I'lJ~~i'l1~Nij 3.1 
, 
5.	 'l'fl11l'1'~mitlv'l ~lWtltlfl~1f1\11fl1VW~lWU l't1cimgw '1~I~wt~WV1l.Jm{Jtl~ 
'::0 ..,d~ .A	 .i d 0""' 
6.	 ~ rnu WW1lJlAflllJ flfllmm tl~ 'lJfl't1 mu (Crusher) Bl1::Ifl~ tl ~ 'lJfll1::ltlVfl (Rapid) i'lllJ mau 
I 
Zone 1 Zone 2 
'" f,/lll'l1{1U ee) 
Zone 3 Zone 4 ZoneS 
lI"l~~\l''I'Hh (V) nseue (A) 
I 
195 200 205 210 215 60 2.3 
• 
'I1UltJ1'11l'J Vfl~lfflW Nylon 6:NR '11~ 3 Vm1fflW1,*l'I'fll1::1~Vlf1W ~~i'ln1~ 3.1 
. .. 
IV .:ll ~IQ, ~	 • 
3.5 'U\lfltl\lIll"'U\lJUll\l~l\l'l1AtTe'IJlI'IJ'lJilA (Injection Moldmg) 
d """':!II J A.40'1!J1 """",- IIItlw f11~ Ifl~ VlJ'IIW -nufllVfI n'UW1 UB'lJ'lJ IIfl l'I'fmn U1'b''I'lfll'l'tl 'lJl'I'lJ'lJi'lYl1~ f1lVfl1'1'f I'I1W fll'l'lW 
• 
BH~~ (Tensile) rl1'l'lWBHm::ll'l'lfl (Izod Impact) l~W\l\'W 
, 'JJ	 !JI , U1l~A'l'fl11l'1'~flHl'I'lJViV\ll"lfflWfi1~ (~lfl.,jWi'ltlW 3.4) lJl1l'lJ'1cimllJ~Wn1lwtj'hJl1l11 I il1m 
" , l 'JJ	 , 'Ulll::l~Vlf1wtll\lllfl11l~\iA l~tl111fl1~~wtfl1tl~lllAl11111 il1lJ~ ~lflWW1'l'l1~fl'l'fl11l'1'~flHl'I'lJ (ntl'lJ'1ci 
'JJ 'JI.	 I 
.. 1 '" v ",", l' 1 1 v 1 "'1 v1mllJ'I1W).l'l'll1~ Wmlm\lllJBl1::\ll~tl!\l't1f1lJ'I'l Heater WBi'll1:: 'lfW 'tll't1lJ1::l'I'lJ flVl'I'flll::'I'l '11 Wf11~,	 . 




• u ,... <! • • fllTIllntTfl3 II'H AIDl1'l:ll1'l 1l111'l'illl'l!l'JU 
Barrel Barrel q ~ q 
middle Nozzle (1I'lutl.nn) (KN) (lUl'l'l) 
Rear Front 
I 
215 220 230 235 260 145 40 
• 
'Il:llUH 'l'i1'J 1'l1l1ff9imll'nJ'ri'~ 3 0'91nriTil , i'ff fln:::mr ilftmu0 U tiU 
rlTIf i'tllIli \1~ li'~' i'~UI il~u ~ lU'I1ft ffOu jj .t~ if 
• 
1. 'liU~lUrlTIfi'tI'I1ftffOtlt1l1~1I~~ (Shore Hardness) m~m91'i!lU ASTM D 2240-86 
t J 
• 
2. 'liU~lUrl1'1fi'tI'I1ftffOtlfll'i1iiHO (Flexing) 9l111m91'i!lU ASTM D 671 - 93 
• 




'1b'liunU'I1ftffOti (~lfl.f{O 3.4) 'IIU1ftfllH 12.7 iillllm91'i e n 63.5 iilllllll91'i 1I11:::'lfUl 3 
ii llllm91 'i 'Ii1]8IJtI1 flu U 'If'll1.1ft rilU~ IIt1tI 'II tl ~~U~ 1U '11ft ffOtlllll::: 0 Ii'Uu ~ 11III ~~ flll H 'II 0 ~~U ~ lU
•




"'" """	 ~ 4.'JjIN1Ul'I'lmm'Wll'l'!ll.JnWl'1lm~~~~(Tensile) m1J1I11'l1!lU ASTM D 638-84 
C-~l
 




•=	 = ~ 
• 'JjU~1U'I1~l'I'lll.J UI'l~1J1J~1n~!l 3.5) 
• 
•	 ml1JI1Ul~!l~:jiU~1U1h~1J1W 2 :Ii~~il1J1'l1 (1I11'l~1l1IJfllI1UfI 11 3 :Ii<l~I1JI'l1) 
= = = 
• '1Wl1lJ1J'I1l'll'l'!ll.J'I1 23 !l~ffW]j~I'lWl'l' 
• Ifl~!l~11'l11'lU Type D Durometer Hardness Jll11!nnl'l I nl<ln11J 
•	 I:h~u ~ lU 'I1l'll'l'!l1.J1Nl.Julfu ~11.J 1,rU1J Hl'I'!!ul.Jlfu 111 n~l'(fI Hii'hJl1d~ nfl~u ~ lU lini'l!l 
.J: '" , '" '" 91I1U~nl'l'l1111t!n (I Kg) <l~1.J1nW'I1f1l'1'lll.J f.hUfhViM~1nnnnfl111'll1 3 fl1~~ll I :jiU~1U 
3.6.2	 ill'.i'l1~l:lal.Jill'.i'l1n~al~lJiii(Flexing) 1'l1UU11'1'.i!1U ASTM D 671 - 93 
•=	 .. ~ tiU~1U'I1~l:lal.J 11'l'.iIJUllln",a 3.5 
• 
• ~1u1um~t1'n~ll (fl1~) 
"'.	 " '" '" 
'l11:jiU~ 1U '11 fll'I'lll.J Vi I~ 1~ ~ i11Jl.Jfeeu~1 1ri1 Ulfl1!l~ 'I1l'll'l'!ll.J Vi 9l~ '1WI1lJ:Ii ua ~ ~ 1U1Ufl1~ ~ll~ 
'" '" .	 '" m~t1' n~ll 1 ~!!~1iiu911il'll n:jiu ~1U 1,rmJu ~1nUUI11J11lnU'I1f1l'1'lll.J l;"Vlu~ll~ Iii1!!l'lnllllnnllu 
. .	 . 
~1U1U 11l'UVit'ill1 Ufl 1,r111Jl'llfl1,mt<l~,rui1n~1U1Ufl1~~!l~m~t1'mll, 
3.6.3 'I1~l:lal.Jfll~'I1UII'.i~m~II'11n(Izod Impact) 1'l1UU11'l'.i!1U ASTM D 265-84 
'" '" I	 ,o "'" ~ "'" .et.::t.:ll	 .::t .::tUl'JjU ~ ru 'I1l'll'l'lll.J (~1 n~ II 3.5) 1 N'JjU'I1~l'I'lll.J'I11Jm l1J~ n~ ll~ ~ll1Jl.Jl nl'l l1J1I11'l111 lU 'I111'l~ 1J1J 
1 ~ 11'l1J1,rI'l1U,j1J!!11 ~1J~ IIn suin nll~1'l1~.'h!!I1IJ~~ll~911~1.J:jiu ~1U 1l~ ll1Jflllu~:jiU'I1f1l'1'lll.J !!<l~ 1,r 
iI • '"	 '" '" I!!nl~ fohu11l1l1J Nil l'I'~ ~ 1I1:jiU'I1l'll'l'lll.J1:U!!l'ln1,rrYl1J'l1 111 t!n~ ll~flllU'1'11 m~'I1 fll'I'lll.J'll1 ~ U M:jiu~ luVi 
• '"	 91 '" 
!!fInt1'mhUfll'VHl~ ~ lUYi '1'1 11 ,r;;u ~1Ulll'ln 1111~ ~1nflllUI'l nM 1 il nreu'11 n:jiu ~ lU 1Jnfl llU ~u 1U 





UJU WF = r111J1<llhh'h19i'Wmuii~ llU1~fli'lJ
 
Wo = r111J1<l~1,<!.,1'WllU1~~Vhll111H'WYh'lJVl<llff~mii~ 100 %
 





A ~ 1'l<l11lJ'lJU~ ( ~1'W1'Wll"fl'Vl:::llfJW~1~<l1"Uflnll"fl'Vl:::ll) 
N ~ 1'l<l~1lJ'lJU~~1'W1'WllH'Wyh'lJ~jjflml"fl'Vl:::<l 100 %
• 
3.6.4 n.,oaUf)l1n'\,\IIH~H(Tensile) .,1UU1mll1'\,\ ASTM D 638-84
 
o~ !II Q.,1 c:!J
 
'" 
W1'11'W~1'W'Vl~ffUU(~1fl'IJU3.5) !"~~lJ'I1'W~1'W1~~flWII~'IJ'W'l.1J(lnjection molding) 'IJ'W1"'lJU~ 
III 'JI. 101 
9i'W~ 1'W!t1'W '11J"1lJlJ1I'1~1l1'W ASTM 0 638 'I11fll~ li'u~~9i'W~1'W'Vl~ ffUUI'Il'1flUlili'u~~9i'W~1'W'Vl~ffUU 
GJ!II I .<:!'1' y"[ d. A 0 ~ "'" A !III oj(grip) I YIl! 'W 'WVl <J~ lJ111'I1'W~ 1'W 11 <l~ <JUm:::ll11~'Vllm<J~'Vll~ 1'W !~lJ!~ 'Wlfn <J~ 1~ ~ hm1lJl~11 urnr
• 




4.1 f.ll:1fll dt~ 1rttl't'Hn~~flf.ltltl !P1rt:iEfll d~P11(» (Extrusion) 
d ~ .ct Q,I d ~.d ~ -"='~ IV .?t 
~lfHlJ'fll'lm~'fIf1 Nylon 6 lJ(lf1l;jtu:::!lJiflf)ft:lJlftf1 ff'U11 ll'U~ U(l :::Ul~1inlJ'b'l'fllJftf1l;jtu:::!1J'U 
I v .)  
fieru Irf'UfJ1 l1lJ ~11wn(l 11llumn.-! 6 tl'UU1~1inlJ'b'1~lJ1rmlJAnl ,rt1~'fI':ilih'U~h~'lIPT~ij 95 :5,90:10 
>I • 
IW::: 80:20 11lt!{I~'U~'fllmh~'U 'ill f1U'U11 llJ1fh'U m:::'U1'U f)U5ifl1ifl~1Ulfl1~-.35ifl1~l'Ift1~~f) 
(Extruder) 1I'U'Ufff1 ':i l~ rn 1~~f)l;jru :::I~'Unr'U U11~nfl1llJ'fifJli1t!-.3 l'I'U1l~5'f1':ilih'Ut.lH1i nlJ 'b'lil 
" 
.;.,£ • 3/.ct '" ""Il)! "" .ct ~.ct -: • Jt 11 3/ '" "" 9t 3/Il'IlJ'lJ'U 'Yll111 ffl'l ftlMl f)rl~lJ'VI ~lllftfJ'U 'ill f1~'U 111lJ'U~'U 1991ftfJt!'U'l IlJfJ ~l'Iftl~'fI f)r-l~lJ'VII1J'UI~'U U11 
~ T T 'jJ 'JI 
~t!Ii1t!-.3l1ft1 11 l111I'lillfl~t!-.3i~11l~ I'~m.'h lhlfh f11':i~'U ':ill~t.J~l'U~t! 111 
'U 
.. .. 
~ ~ I ~ ~ 
4.2 f.ll:1flld'IJ'j.J~1J'ti'lNl'j.J'VIPI~~mm'U'ilPi(Injection Molding) 
>I 
11 ltll'fll'lft l~~f)r-l~lJel'fl':ilri1'U'fil-.3'l ~~ij 95:5, 90:10 11ft::: 80:20 nle {1~'U'P1''fIllJ~l~'U :lJ1 ~1'U 
,£ .t '1' d1 !l!9 .ct ~ "" Jt 3/ 9t .t cl
m:::'U1'U f11':i'Ut.J ':ill'lJ''U-.3l'U ! 'flfJfffl11:::'Yl 'lJ' A'U ms ij 'fl'fl~'fI n 1-.3'Yl 3.2 Il'ltJ1't"llJ'U'b''U~1'U'VI'fl~fJlJfl11lJll 'U~ 
'U 
>I 'Yl~ fft!'Uf11n1f1~t! 'Yl'fl~tJ'Ufl1llJ'Yl'U!!r en reun m!ft:::'Yl~rrsuf1U'Yl1i'l1! N~~l'I1J1 llMrlft~~ij 
w 
4.2.1 11W.nU~1'Ylr'Ul1P1tltJ'Ufl11tlH;j.:.l(Shore Hardness) Vlltlm~dgl'j.J ASTM D 2240-86 
, >I cl U1f1~1li14.11l~ifl~~'U~1'U'Ylifl~tJ'Ufl1llJlI'U-.3 (Shore Hardness) 99llJ:lJ1'f1':i!l'U ASTM D 2240­
86 l'I1J11~'U~ l'U~ 1M'illf) f11':i~t.J ':illiJff'lJ11 ~111 U'U l 'li ll ~ 'Wl ift! l~fJ1 tl'U nJi l-.3'f1H'flllJ~lJ1'f1':i1il'U 
'U 'U ~ 
, >I 
J'lJi14.1 ~'U~1'Url1l1i''U'Yl'fl~t!'Ufl11lJlI~.:j (Shore Hardness) 'fIllJlJ199':i!l'U ASTM D 2240-86 
50 
" 0 QJ.o:::'l QJ 
4.2.2 ~'lA~nHn'Ti';j''lJ'Yl~fftl'lJfl1';j''Tifl~tl(Flexing) VlnJ~lVl';j'~l'lA ASTM D 671 - 93 
" r " rlllfflJ~h..l\ll'\.!'Yii~'YI1flCYtllJfll':i'lrfl~tl (Flexing) \9Il1JlJl~'j"!"l'U ASTM D 671 - 93 'rllfll'.i~1..l~iJ 
)I )1 t' i1 )1, 
Irl1..l~1..l'j"tl\lI't11ftWli1..l;1..l\ll1..l'Yili''YII9lCYtlUflnr1fl\ltlU1..l Uti~lrl1..l 2 UUU ~tl ~1..l~l1..l'YiioH'YII9lCYtllJfll'j"r1fl 
" . 
\ltllllJun ~l'j"tl\lll ft::::~1..l \ll1..lfil 'If'YI 191 CYtlU flwifl\lnuuu'llin ~11tl \l 
t 1J l' jI I 
tllmiJ'Yi 4.2 une 4.3 llCY'fl\l~1..l\l11..l'YiioH'YI1flCYtlUfl11lffl\ltlUUUn~ntl\lUft::::~1..l\l11..l'Yil'*'nI9lCYtllJ 
'" 
. " l'iJfi 4.2 ~1..l\l11..lrt1l1'flJ'YI'flCYtllJfl1'j"r1fl~tlllUuitin~11tl\l (Flexing) 
'fI11J1Jl'fl'j"~11..l ASTM D 671 - 93 
"" 
, " J''iJii 4.3 ~1..l\l11..lrllllf1J'YII9l1YtlUfl11,rfl~tlUUUn~l1tl~(Flexing) 
~11J1Jl'fl'j"!11..l ASTM D 671 - 93 
.. 
4.2.3 ~'lA~ 1'lA ril 'Ti~'lJ't1P1 fftl '1J i'l11 ~ 't1 'lA At d ~ fl seun n (Izod Impact) Vll~ ~ 1VI ';j'!1 'lA 
ASTM D 265-84 
. " 
'illfl!1l'Yi 4.4 U1YI9l~~1..l~11..lrlllli'U'YI'fl1YtlUfl11lJ'YI1..lUHfl1::::11'YIfl(Izod Impact) 'fIllJ 
i1 r i1 y 
1Jl'fl'j"~11..l ASTM D 265 -84 'YllJ11~1..l~11..l'YiIM'illflfln~1..l'j"1l1HY'U11~h i1t1lJ 1"j, !'f11..lI'i1tl!~tl1n1..l
"" ~ 
'j"1l11\l~'j" \l'fll1J~lJl'fl :Hil1..l nlll1..l19l
'" ~ 
51 
, " ~,jil4.4 ~'U~1'\.Hh'Hi''U'Yl~nYe:J'Ufl111J'VI'U!lHm~U'VIfl (Izod Impact) 
~l1mJ1~'j!l'U ASTM D 265-84 
~ 0 ~ ~ 
4.2.4 'If'J..l.:.ll'J..lin'H'.i'U'YlPlr:re:J'Ufn~'I1'U!!'.i.:.lPl.:.l(Tensile) rtlllllWl'.i§l'J..l ASTM D 638-84 
. " 'illfl~,j.yj 4.5 1l~~~~'U~l'Urll'Hi''U'VI\;j~HI'Ufl1'j'VI'UIlH~~ (Tensile) ~l1Jm'i!l'j!l'U ASTM 
D 638-84 l'i'U ';h~'U~1'U~11Pi''illflfl1'.i~'U~,j~il'1J11~11~U'U l.,jlA1~'Ul'am~U1n'U~li'ilHI).H1UJ~ 
mm!l'UflTl1'U1fl 
. " ~,jil 4.5 ~'U.:.Il'Urll'Hi''U'VIIfI~e:J'Ufl1)'VI'U!lH~~(Tensile) ~l1Jmm!l'U ASTM D 638-84 
4.3 ~i:lfll'.i'YlPlr:re:J'Ufl111lH.u.:.llPlfJ1iiShore Hardness rtlllllWl'.ii1'J..l ASTM D 2240 - 86 
" . " '\.11~'U~1'U'Y1\;j~e:J'U)~'H11~1'U(le:J'U 6 fi'UU1Un1J~1~.yj~~)lri1'U~1~'l ~.:.It195:5 , 90 :10 
" I 0' oj 0' 0 ~ c: 1 ""'" 1I(l ~ 80:20 11Je:J)I9l''U~'fll1Jm\;j'Um'VI\;j1HI'U'i'l111J!I'U.:.I IfIU1li Shore Hardness 'fll1Jm'fl)m'U
... 
..,; oj 1 ""'" (ill'.iN'Yl 4.1 f-I"fl1)'Y1\01~e:J'Ufl111J1I'U~ IfIfJ1'li Shore Hardness 'fll1J1JW1)~1'U ASTM D 2240-86 
"" 






'}f1l1t1111~ Nylon 6 jijtJ i'U(H:rU 6 llft~ NR jijeJ t1l~ll'j'nJ'll"l$i 
'U 1f·W fI1i'V1~ ireJlJrl'JllJH~~ 1 ~ fJ11l Shore Hardness ~ llJll1<Pli~l'U ASTM D 2240 - 86 
., '1/ I 
'ill fl~ 1il~,yj 4 .1 1111'it1tJm1'l'h~ ellU1 fJ lJI,yjfJDfllf1'JllJll~~ 'U eJ ~:jf'U ~ l'U11i mlri1 'Uf11'j f-1irll 'fi1~ 
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, QJ' , r QI 
'1f'U~ltJ'V1 'f1 ir~D'\I1tJ'fI'j lirTUmsf-lirll'fll~ 'Pll~'1 nu 
v , 
1llflflnf-lft'\l1~ireJlJrl1l1111 ~~ 1 'flt11~ Shore Hardness 'f'jlJll~tJ~ltJ'V1~ireJlJ,yjltJfteJ'U6 n 
• I"" • 1 0' d 0'1 ~ , d d :It "" d "" lJilJ1W 100 IlJtJil9ftJ'fi '}frllrl'Jl1111'U~'\I1 80D ieJ~ft~ll1llJtJ Nylon 6:NR f-HfllflU NR 5%'\I1i~~D 
d ..::!:i a.J <v.d Q.I 
ml1111'U~ 75 D HJ~ft~ll1f1tJ Nylon 6 f-H'fllflD NR lO%llft:::: Nylon 6 f-1'f'fllflD NR 20%'\I1i~'fllJ 
d d cv d ~ 
f1'Jl11!!'U~ 70 D lli~'flDf1'Jl1111'U~'fIl'f!'fl 
~~lrleJ~'ill'jW l'illfl f-lft flli'\l1'flireJDfllf1'Jl11U~~~N'J'UeJ~1'f'f~ NirlJiifil~1 flci'l~rJ~fitJ 1 ~ rJ'il:::: 
'1 ' ,J'", .1 dI191'" \1 1 "" , "'''' "" .1
eJrJ l-l'll''J~ 75-70 D 'f'fll11'f1'Ulfl'fl'U'U'illflfl1Hl ~lJfI1'jN'f'fllrJl~'tN U 'UeJ'fIil'f'f1tJ'\1lJUill1Wll1fl'U'U 
" . 
~~rJl~~'f'fllU~f1'Jl11U'fl'HU'U 'f'f ~1;jeJ~'illflli'Ull~ i~lfil~'f'flt11 GJillllftflmh1,rfl'Jl11!!~~'UeJ~'f'jeJ~lJJeJ1







































pA6 PA6+NR5% PA6+NR10% PA6+NR20% 
, 
~'lJii 4.7 mlTIu(f\Pt.:Jfilill'il1il.:JtJ (Flexing) 
"'" OJ1~1'I~1~'YiN~il1~"'l(?l~Mill~'Yiil~tJ(Flexibility tests) 
~lilill'i'Yl'Pl(ftJUill'il1il.:JtJ Flexing l'jUl1 Nylon 6 (80%) ~(fJJilUfll.:J'Ii'inJ"ll'l~ 20% lM'fil 
, ,"mllJ~hu'VllUill'i~ il'\.Jl'f1iilfl'f1~lilill'i.yrU.:JtJ11Pi''fj .:J'f!\Ptii 85 ,000 f1f.:J'itJ.:J 1NJJl~eJ Nylon 6 ~(fJJ ilu 
. " .Q.d cv ~ cv .<:\.d 
fll.:J1i'i'ilJ'lfWl 10% n 61,000 f1HUft~'itJ.:Jft.:JJJlfleJNylon 6 ~(flJilU !Jl..J'Ii'i'iJJ'lfWl 5 % n 46,000 
f1f.:Jiifil~l~(f'Pl ~.:J(flJJlH)(f'i1J11Pi'11ill'iI~JJ1J~lJlUl'UeJ.:J fll.:J 'IinlJ"ll'l~' U l'jeJfi~JJeJ{N(fJJ\) ~j!jl',.r
. . 
f11llJ~'Pllf~U'fj..J ~U nieJ.:Jmn (fmj~'Utl~fll~ 1inJJ'lfl~TJJI1'1 ~ft Ju~:; (flJJl'i ttfl\Pt ~1 1 fi' 500-800 
11JeJ';I~U~\)lil'UU1'Pl1Jil~ ci..Jl,jtl~1lln(fJJ1J'~I~U'Vll~lPi'luifj!jl hf''lf1flm~lJ,,.r1 Unsu 6 ~N(fJJ ilU 
fll.:J'linJJ'lfl~ 20% ~filnl'il1 n~fl 1#lJJl n~(f'f1llft:;1 mJ1JJlUl tll~1inJJ"ll'l~~!.,j'r'hlu 'iil~1 eJ ~ ilU 
, 'U 
1Um)U6'utJ~JJlUl~JJlnj!jl 111'1uesu 6 ft\Ptfl1 lJJ n'i:;#l1~ft~JJl1~~~(flJJl'itt'VlU ~ e nl'il1il.:J e 1fi' 
JJlil~,,!'f1 lrl tJIii au ilu 'VI tJfiIJJtJ'; ~(fJJ' UfJ\9l 'i Ttf1 U~U "l 
" " 1l1illJl\9l'i!lU ill'il1il.:JtJ 'UtJ~~U 'itJ.:JI't1'lUU 'VI 1'1 l(f~ n~ ~l9i'tl..J'YlU ~ fJ ill'il1n ~fJ 1liU'fJ!J il11 
'JI . 'JI r 
Q.I I,.::!, QI Q.J Q/ I ~ <J' .d.d Q,.I 
80,000 f1'i~ iltJU'Vl~~II\9l mrn 'Pl.:JUU ~l nNft ill'i'Vl\Ptfttl.:J'VIU11 1'ItJftIJJeJ'iN(fJJ'Vl JJfJ\91 'i 1ill'i ~(flJ'UtJ.:J 
'lunsu 61'vhilu 80 % IIft ~fll~1inJJ'lfl~ 20% iifilmlJJ'fl'lU'VllUill'i~n'U1'f1~ln'f1milill'i.yr'1HeJ1~ 





fl~1~H~Pl'lrilfll~'rl'\.lH~..m"j'~!mfl1Pl£.l1ii Izod Impact (ASTM D26S-84) 
6000 
­-

































PA6+ NR 5 % PA6+NR10% PA6+NR20% 
, 
~'I.Jii 4.8 mlvll!tfy;,'1filfll'i'Yltl~mIHfl'j~U'Ylfl Izod Impact 
"" . ,'Jlfl~lt:'t'lf.lt1fllTI1~ tHl'lfll~'rl'\.l"Wm~'1fl~~l!'rlfl (Izod Impact tests) 
\11flfll'j'Yl~tfel'Ufll'j'Yltl~eJIIHm~l!'Ylfl Izod Impact 'YIldl~ Nylon 6 mrmill NR20%1,r 
rllfll'jflll!Hfl'j~Il'Ylfll~lJ1fl~l!~~5398 J/m2H.l 'lCl 'llll fl eJ Nylon 6 fn'l'llnll NRIO%~ 5060 J/m2 
llCl:;HHCl'llllflel Nylon 6 Ntflln'U NR5 %~ 3954 J/m2 nfil~l~l!~ 
~\11HUllllflNClfll'j'Yly;,tfelllfilfll'j'Yltl~elm'lm~II'Ylfl~ Nylon 6 Ntfllnll NR20% ,,rrll 
• '1/. T r 
fll'ifllll s 'Ifl'j:;U'Ylnbl~lJ1fl.yjtfy;,,r'Ulny;,lllflfll'j.yjiJU1'lNtfllel u1'W'JJ~lJ1ru.yjlJ1fl.yjffflllCl~ EmiJiYlI1J~
. ~ . 
'Yll'1...rltl ms f'Uli H m:;l!'Ylfll~~ l-deJ'Illlfl fll'j~Yftl1i~~' u i lJIel~Cll!Cl~fll'i~ Ul'l1in lJ'Jfl~iJYftl1i~ 
'j~l111'1!flUi'lfilJICl~Cllllflfll'j'}hrClflll'WCJ1l1l'l~h'W~'1"t'h',r Nylon 6 ~N!flJfill NR20% iJfilfll'j 
flll!Hf1'j~!I'Yl flll~~~(j~ 
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4.6 f-l~fn:rJVlfiilfll':i'l1'Wtt':i'l~'l lVltl1ii Tensile Strength (ASTM D638-84) 

























PA6+NR5% PA6+NR10% PA6+NR20% 
..... . __.~ 
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_I"; .I' ~ 1 """" ~1Jl'1 4.9 mThUrf\PI'lfllf11'Ji'l'UUHM \PlfJ11i Tensile Strength 
1&A 'Jl:::~f-l~fll 'Jl'1Vl~el,!f)l 'Jl'1'W~eltt 'J'!~'! lVltl1ii Tensile Strength 
'il1f1nl'Ji'l\PlrfelUfll'Ji'ltl'Pimt'J'l~'l1\PlfJ1~Tensile Strength 'WlJ11~ Nylon 6 r-m~JillJ NR5% 
,,rfllfll'Ji'ltl'Pi~UH~'lH'lllfl~1!\Pl~ 72 % 'J ~ 'l 'N 1J1fiel Nylon 6 r-mllfllJ NRIO%~ 64% II~ ::: 
. , 
.dt Q,o' .c:t d'!V d 
'JeJ'lft'l1J1f1eJ Nylon 6 f-lffll nu NR20% i'l 34% umuelfJi'l'!\Pl 
~'llrl~~'iI1'JUll'i11flf-l"f11'Ji'l\Plrf~Ufllfll'Ji'l'U~elU'J'lm:::Ui'lfl~ Nylon 6 f-lffllflU NR5% ''11' 
I 'lJ I • 




d Q/ <1.1 ~ t .o::!t Q.J..::t 9J I 
IW:::i'l Nylon 6 f-lfflJflU NRIO% Uft:::Nylon 6 ~fflJflU NR20% lJfllfll'JfJ\?l'fl1i'ltl~m~'Jl:::11 Nylon 
" , . 
6 f-lrfllil'lJ NR III ~rflJ!.,jl!i1'UrUm~fJ1fl'Ut'h' ,rlij~If1\?l fll'J~'la\?l~ ~ UllJ eJ 1'l1!f1 \PI mr f-lfflJf1Wf)\Plii 
f11'J IWf1l~ff~el rmn fl'U lM~lfJfl11~eJiltlJel1~ IIIf-lrflJf1'U 
56 
. , " 9J I Q.I l' .d dl mllJ<f11'W'I'l1'W<f1(Jtll':i'VnJ~D (Flexibility) !!~~fI1tll':i'l'l'WI'1Dm~m::H'I'lfl (Impact strength) 'I'l1!~'IJ'W 
1'W'lJUl ~~~ ltll':i'l'l'W~m! s ~~~ (Tensile strength) ~<pJ ~~(J~fl1IJI'WlJ1I'1':i~1'W ~tJmJ-r1J11lTI1l111Jtll ':i 
" , 
1J':i ~ IJfll91l<trtl1J'W'W H)~!~ 11lWl !b~UUJ'Y'll'IJ 'tNfl n L-WlJ1J~lJ1Ul'IJD~tJl~ 'finlJ'lfl~1 unnf-H1'lJtl1J'WtJi) 
• u 
" ltJ1lJ'fl (1 'W ~ tJ'W 6) ~ 'tri'(t'<pJ '11~b1'tJ ~'lf{l <pJn m rurrun 'j t:\ I'W tll 'j PfftlJ!.ultl'W1<t{ 'hJ~ H~~U tlJn ru tJ~ 
• u 
.e:.. Q,.I ~~ r 0 I ~ Q.I dl 
rJUll1iJlJ fll 'j b1'm IJ 1'1 1'IJU~ IJ N 'fi 'j 'jlJ 'lfl<f1lJ fll1'11fl1 If,l Ull1l'rlJ 'Y'I fl UlJ<f1 1 Nfl fl (Melting temperature) 
'1 1 '" 
. 
C\ • .1 '" ,%" J C\ '" • "'1 d ,'IJtJ~ 'WflD'W 6 inn lb1'<pJ 2 'If'W<pJ1)~!WfllY'j'(t''Y'IM1)lfl'IJ'W'j1JN~I'1.f1t\FYl 'il~m'Wl1fl1'jmo.Wl~ 
~ 











" " fl1':i'l1~lnlll'llV~~lU1I1V 1uflf~i"l iifl1':i'l1~l'fVlIl'f:lJllii'l11~I~~ntl 4 fl1':i'l1~ffVlI flV 
l. Ntlfl1':i'l1~ffVlIfl1':imfllfl11:lJll'll~(Shore 0 ASTM 0 2240 - 86) 
2. Ntlfll':i'l1~ffVlIrilfml1n~v (Flexing ASTM 0 671 - 93) 
3. Ntlfll':i'l1~l'fVlIfilfll':i'l1U~ml':i~f1':i::;U'l1fl Izod Impact (ASTM 0265-84) 
4. Ntlfl1':i'l1~ffVlIrilfll':i'l1UllH~~ l~v1n Tensile Strength (ASTM 0638-84) 
" l'f':i ilNtlfl1':i111Vlltl::; Ntlfl1':i'l1 ~ eeu1~~~ i"l, 
" , 
l. ms Nl'f:lJ 1U civU 6 lltl::;VH1i':i':i:lJ'II1~1 U ~ ru111vi"l1 <H1n fll':iNl'f:lJ1~v Hlfl1V~ Nl'f:lJ 
1l1l1ll'j'~~~l'ffl~I~V1 (Single screw extruder) ~~mflffl:lJ1':if.)Hlfl~V~Nl'f:lJ~iitJ':i::;ff'l1llflwr'! ~fl11 
" , , 
i"l1'liU 1<Hjfl1V~Nl'f:lJlllllliJ~~~ffmfi (Twin screw extruder) ~~'li1VI'Vj:lJfI11:lJl'fl:lJ1f.)1Ufll':iNff:lJ 
91d.1.ct'" "" 091 I 01.1,I 9Id,
1'111111W Um~ V1flU'II V~'I'W ll'f~fl Nl'f:lJ'l111m 't1:lJ1::; ~ ems U1 tJ'IIU GtJ'I'lUJV~ 1'l11flWl 
2. fll''l1~l'fVlIfI11:lJll~~NtltJ'lfl!]11 Nylon 6 Nff:lJ NR5% iifil~~,!~ iiiv 750 lltl::;fil 
d~.d~ Q,I Q,I.d,,,, d 
fI11:lJll'll~~1'l1l'j~f1V Nylon 6 Nl'f:lJflll NR 10%lltl::; Nylon 6 Nl'f:lJflll NR 20% 'l1'::;~lIf111:lJll'll~ 
~ .J d J I'" "" Clj.... I d"';' .1 
70 0 'l1~UfI11:lJll'll~'IIUVQfllltJ':lJ1ru'llV~ Nylon 6 IU'I'lt1lff~flNff1J 'I'l1l11fl11:lJll'll~I'l'l:lJ'IIUm:lJ 
tJ1:lJ1ru'llV~ Nylon 6 
3. fll''l1~ffVlIfll1I1fl~V (Flexibility tests) NtltJ'lfl!]11 Nylon 6 Nff:lJ NR20% ii fil',!~ 
, , ", . fi,!~fi'l'11fll''l1~ffVlI1;; iiiv 85,000 f1f~ ll<l::fil Flexing 1'11fi,!~iiiv Nylon 6 Nl'f:lJ NR5% iifil 
" 
41,000 f1f~ 
4. fll1'l1~l'fVlIfilfll1'l1U~mIHf1':i~Il'l1flN<ltJ'lflU11 Nylon 6 Nl'f:lJ NR20% iifilfll.'l1U 
~VllHf1':i::ll'l1fllJ~l'j~iiiv 5398 J/m2 1l<l~filfll':i'l1U~VllHm::ll'l1fl~l~,!~iiiv Nylon 6 NfflJ 
NR5% iifil 3954 J/m2 fll11~:lJVH1i':i':i:lJ'II1~1U'l'lvih:lJv{Nl'f:lJ'l'111'11'filfll.fllllHm~1l'l1fllJ~~U 
li1V~~ mlm ~fffH'IIV~Vl~1i':i':i:lJ'II1~iifl11:lJ1l~'t1QU ll~fl1':i Nl'f:lJVH1i1':lJ'II1~1 UtJ1:lJlru~:lJ lflfl·h 
, " 
20% iilJ'l!'t111UI1V~'IIV~fll1Nff:lJ1'11'1.,j'11~Ul1jm~V1tlU 'I'l1l11Nii~nrucnlii~fl1':iIWfllvJl'f 
5. fll1'l1~ffVlIfilfll1'l1Um~~~N<ltJ11fl!]11 Nylon 6 Nl'f:lJ NR5% iifillJ~'!~ iiiV72 %IW~ 
1 d 0 Q "'" Q , f11fll''l1UllH~~~1'l1,!~f1V Nylon 6 Nl'f:lJ NR20% :lJfll 34% 
" " mflfll1l'f~tJ N<lfll1 'l1~M~'l1~ 4 rru'l1~l'fVlIl'flJ'I1~l ~~fl <111U 1~'lll N<l'll V~ ll~<l::; .l1V VH 
. " 1tJltJ~VlIlfivlItlllV~fi'tJ1::flVlIfi~v~fll11~U't1l1flll~1 ff1tJ1~11 Nylon 6Nl'f:lJ NR20% 1Jwi'Ju 
• • • 
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, •• tJ 
.ct .ct.ct 0 1~ co .<!:t 91.ct , lY11l1~'Yll11lJl~lYlJ'Yll!~'YllYllJl~fllJ llJl 'IIllJll~lYl11msurm fHl~VllJ~ eJ~I'YllnWl n>llYll11 'l'leJ~ 
• •	 I !JI 
nu fllYlJVHIi~ ~lJ'II1~1lJ u~lJl\UfilJlniJilt]Jlll1lJl1 eJ~'IeJ~ msfllYlJ 1HI~111'1lJ ti'im~v1tilJ VlU11 
flil >Ill\U 'I1lil~ n u nv n I'l'llY ff~ml ~ eJ lYlJ1J~ n U nu~ eJ u~ ~ ns eu'Yl n lYlJ u~ tl11lJti~ II qlJ111eJ eru ~ 
• l.,gQJ	 QJ 
m~lln~eJ (Flexibility) ~1lJ'Yl~m~'YllJ>leJnH~~ 
5.2 o/i!llll'J.ltJllll~ 
'l'Jnill~viJnu 11~nfllJ 1lJ rru iluu~~fl"~llJ1~vfi'1.1'ftmnlJltlll'11mlV~llJ1~Vil ~~il 
1.	 nU'Yl~lYeJUfll1'1!l~m~l~lJ Compatibilizer .,~1lJnUt>l~VlJVleJilllJeJffllYlJ Nylon 6 
une NR20% n.,~1lJU~lJl\UeJmlff1lJ'IeJ~VHlinlJ'II1~~lJlnn1120% lyjm~lJ 
U~ ~ lY'Yl IiIII VI n U fllYlJ tiu 'I eJ~ i>llJ ~ Uern ~ 'IIi!~	 ; ~ ~ 1n ml n U 'Yl ~., eJ ~ VI U11 rns:~ lJ 
•U~lJl\U 'IeJ~ VH Ii ~~lJ'II1~Vi 11Htl1nUti~ll ~lJ 'Q; ~;jlJ ff~fl" 1MftlnU l1n~eJnl1~lYlJU~ 
3.	 f11~'Yl~lYeJUnUHiVl~linlJ'II1~'IIi:i~nl1qunuU~N'l t'lilJ VNfl~ ~~~lYllJUfl 
111 '1uHllJnu\:i~~lJIU1~vm~fllYlJnH~ (Dry blend) l~v'1lJ.I'eJ~~llJnUfllYlJIHl~ 
~~ l~~ 1~ V1 ~lfi ~eJ ~ fllYlJ u Uu eJ~~~ (Extruder) ;~ ~ ~11'llJ U ~ ~ lV'IIW1~V>l H~eJ 
U~ ~lY'Yl Ii111 VI 'I eJ~m ~ U1lJ n U flil >lllJ l)>llYllln rs u 
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, . 
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. , 
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62 
. 
4'1.Jii f)-l Nylon 6 
.
 
~'!.Jfi fl-2 NR 
. 
4'!.Jfi f)-3 Dry blend 
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, 
_I~ ~ ~lJ'YI fI-6 'l'rfllffl9lflfn1'lJ'illf1 Extruder 
64 
• >I 
~'lHi f)-9 ~lHll.J'VI~L1'eJ1J~1f)11,rf1·Hl 
65 
, " . ~'iJil 0-10 il'U'nl~I't1T¥hhltltl'J~f18tJhl'nl~I't11fhn 





_I.d '" JlJfI 'lJ - 1 1f1'HJ-:lHTI'1j High speed 
68 
, 
~llYi 'II - 4 ffl£J~ll-lthln£J~ Extruder 
~1l~ 'II - 5 IA~'€J~1Jfll'Hnff~fl (Crusher) 
69 
. '" '" ~llri '\J - 9u:Jfi:u~'.ih'!..:lltrfhJ'HJ..:llVi'l 
70 
~ I ~ d d ~lJ'YI 'IJ - 10 IfI·H)~'YlI9HHI'l.Jfl11lJl!'IJ~1l'j'..:j (Hardness) 
71 
•1'I11HNtlnlnlYilltl'Ufllnl1'11UII'Un1:amn (Izod Impact ASTM D265-84) 
. 
<IV" ... v 
'IItlI'l11ll'JUNlI:IJ UtltlU 6:!JHU1:IJ"11'lImn'U 90:10 
. 






(E I 0.00635) JIm 
0.308 48.50 
2 0.3L6 49.76 
3 0.392 61.73 
4 0.384 60.47 
5 0.384 60.47 
6 0.368 57.95 
7 0.308 48.50 
8 0.3L6 49.76 
9 0.380 59.84 
LO 0.380 59.84 
Average ~ 50.60 Jim 
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•911'~NNilm1n~UflUfllm'nl'11!1'Hn"i:amn (Izod Impact ASTM D265-84) 
, 
.::t IV' \/I "=10 I <V 










(E I 0.00635) Jim 
0.218 34.33 
2 0.256 40.31 
3 0.292 45.98 
4 0.264 41.57 
5 0.244 38.42 
6 0.268 42.20 
7 0.218 34.33 
8 0.236 37.16 
9 0.280 44.09 
10 0.260 40.94 
Average ~ 39.93 Jim 
v 
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•"'~HHt'lIl1~f1~l:faUfl1Il1~f1'UU~~O':i~Uf1fl (Izod Impact ASTM D265-84) 

























 0.360 59.84 
49,7610
 0.316 
Average = 53.98J/m 
74 
, 
Oll'n~NtlnWI1~It"O\Jfllm~n\lUHm~l!nn (Izod Impact ASTM D265-84) 
.::!Iv, ~ ..... I QJ
nOmltTl\1NtT1J l'\ltlO\l 6 : [JHlin1J'lIlfl mmu 70 : 30 
• 
u , Energy fllm~n\lll~~n~~unn..
mO[JHn 
I
 (J) (E I 0.00635) JIm 
1
 0.200 31.49 
2
 0.184 28.97 
3




 0.184 28.97 
6
 0.184 28.97 
7
 0.165 25.98 
8
 0.206 32.44 
9
 0.210 33.07 
10
 0.186 29.29 
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Batch Reference E. Modulus Yield Max Stress Elong. at Break Thickness Width 
MPa MPa MPa % mm mm 
5%-1 2080 46.78 46.78 64.8 2.5 6.4 
5%-2 2128 45.75 45.75 50.5 2.5 6.4 
5%-3 2013 44.86 44.86 80.3 2.5 6.4 
5%-4 2141 45.84 45.84 72.3 2.5 6.4 
5%-5 1997 45.52 45.52 114.3 2.5 6.4 
5%-6 2108 45.52 45.52 77.7 2.5 6.4 
5%-7 2015 43.78 43.78 21.7 2.5 6.4 
5%-8 2182 44.95 44.95 69.4 2.5 6.4 
5%-9 211 45.75 45.75 17.4 2.5 6.4 
5%-10 1596 40.78 43.17 152.3 2.5 6.4 
n 10 10 10 10 10 10 
Mean 2037 44.95 45.19 72.06 2.5 6.4 
Median 2094 45.52 45.52 70.8 2.5 6.4 
Std. Dev. 166.55 1.6608 1.0552 39.973 0 0 
Maximum 2182 46.78 46.78 152.3 2.5 6.4 
Minimum 1596 40.78 43.17 17.4 2.5 6.4 
89 
Batch Reference E.Modulus Yield Max Stress Elong. at Break Thickness Width 
MPa MPa MPa % nun nun 
10%-1 1873 40.03 40.03 39.69 2.5 6.4 
10%-2 1826 39.89 39.89 25.54 2.5 6.4 
10%-3 1895 38.95 38.95 24.77 2.5 6.4 
10%-4 1725 39.38 39.38 23.85 2.5 6.4 
10%-5 1666 38.63 38.63 22.62 2.5 6.4 
10%-6 1937 41.2 41.2 39.08 2.5 6.4 
10%-7 1904 41.3 41.3 29.23 2.5 6.4 
10%-8 1706 39.98 39.98 32.46 2.5 6.4 
10%-9 1842 41.34 41.34 27.69 2.5 6.4 
10%-10 1504 40.45 40.45 80.88 2.5 6.4 
n 10 10 10 10 10 10 
Mean 1790.3 40.12 40.12 34.58 2.5 6.4 
Median 1834 40.01 40.01 28.46 2.5 6.4 
Std. Dev. 134.5 0.966 0.966 17.344 0 0 
Range 434 2.72 2.72 58.27 0 0 
Maximum 1937 41.34 41.34 80.88 2.5 6.4 
Minimum 1504 38.63 38.63 22.62 2.5 6.4 
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I .c:S: Q"I I ~ "'" 
9111 HIlll'~HNll'fll1'11V1I.HJtJI'l1fll1'1111IlH~H'Iltl~tlVl1111'111Nll'tl'l1 !lIll'tlll 6 : !lH1i11 tl'lf1V1 80%:20% 
Batch Reference E. Modulus Yield Max Stress Elong. at Break Thickness Width 
MPa MPa MPa % mm nun 
20%-1 1446 30.69 30.69 62.8 2.5 6.4 
20%-2 1296 29016 29016 38.6 2.5 6.4 
20%-3 1402 31.92 31.92 88.7 2.5 6.4 
20%-4 1378 30.63 30.63 38.2 2.5 6.4 
20%-5 1264 29.53 29.53 59.7 2.5 6.4 
20%-6 1508 33 33 57.2 2.5 6.4 
20%-7 1458 32.25 32.25 81.6 2.5 6.4 
20%-8 1369 31.36 31.36 110.9 2.5 6.4 
20%-9 1445 33.09 33.09 61.2 2.5 6.4 
20%-10 1309 30.47 30.47 50 2.5 6.4 
n 10 10 10 10 10 10 
Mean 1387.6 31.21 31.21 64.89 2.5 6.4 
Median 1390 31.02 31.02 60.5 2.5 6.4 
Std. Dev. 79.342 1.3566 1.3566 22.883 0 0 
Range 244 3.94 3.94 72.7 0 0 
Maximum 1508 33.09 33.09 110.9 2.5 6.4 
Minimum 1264 29.16 29.16 38.2 2.5 6.4 
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. .. ~11N!lty~HNnfll'irl~tyaUfllfll1r1'11!1'i~~H'lJa~ ~ tuna'll 6 100% 
Batch Reference E. Modulus Yield Max Stress Elong. at Break Thickness Width 
MPa MPa MPa % mm mm 
100%-1 1897 50.08 7307 210.8 2.5 6.4 
100%-2 1925 48.52 75.5 240 2.5 6.4 
100%-3 2217 48.83 72.6 218.5 2.5 6.4 
100%-4 2139 49.53 68.53 195.4 2.5 6.4 
100%-5 2238 49.61 67.9 180 2.5 6.4 
100%-6 2177 49.61 69.5 192.3 2.5 6.4 
100%-7 1904 49.45 74.6 216.9 2.5 6.4 
100%-8 2253 50.7 69.5 200 2.5 6.4 
100%-9 1836 50.16 75 224.6 2.5 6.4 
100%-10 1823 48.67 74.8 216.9 2.5 6.4 
n 1 1 1 1 1 1 
Mean 1897 50.1 73.7 210.8 2.5 6.4 
Median 1897 50.1 73.7 210.8 2.5 6.4 
Std. Dev, 0 0 0 0 0 0 
Range 0 0 0 0 0 0 
Maximum 1897 50.1 73.7 210.8 2.5 6.4 
Minimum 1897 50.1 73.7 210.8 2.5 6.4 
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(ill'lj1a~f1q'lJ) Dr. Sommai Pivsa-Art 
2.	 1'111!'tl'll~'I1Hl'll1f1l" Ul~l1 ~lllfll'1flltllm11J1lYljl!11~ il1'H1111 flW~ltllm11Jff1lYf1{ 
1J'Hll'Y1lJll1lJl'YIfllu111ti11'lf1J~fll1itlJ'lJ~ 
I 
I d. ,.::i.=. '~11 11	 1 u, ~ 
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 3. l1'Ul£Nl'U'I1tlg'l1l'll'll'ltl 11'l't'l"tljJ 'I1"ft't'l'l1Ul1~I'I1"al"
 
I. Illfll'1flltllm11J1lYf1l!11~ 111'Hfll1 f1W~ltllm11Jff1lYf1{, 
~1mtlVi'YI,	 0-2549-3480-5 lmlYl1 0-2549-3483 
~1mtlVi'YI,	 0-2549-4681-2 lmlY110-2549-4680 
4. ,h~-mf1l"ftf1'lJl 
2541	 tJ~tlJtlJlmfl ltllm "1Jff1lYf111j'IJ~1JWoYif1lYl'lJlltllm 11J !flii 
Ph.D. in Engineering (Chemical Engineering) ~lfl Faculty of Engineering, Osaka 
University tJ1~l'YItl~~U 
2538	 tJ~tlJtlJll'Y11tllm11Jff1lYf111Jm1JW~ lYl'lJlltllm11Jlflii 
Master of Engineering (Chemical Engineering) ~lfl Faculty of Engineering, Osaka 
University tJ1~I'YItl~~U 
2527 tJ~tlJtlJlf1~ lYl'lJllflii (Chemistry) ~lfl1Jml'Y1lJll1m:)jlJ~ 'tmJ 
2434 Training in Polymer Materials and Technology at Plastic Engineering Department, 
Osaka Municipal Technical Research Institute, Osaka, JAPAN. 
2536 Research student in Professor Masakatsu Nomura Laboratory, Department of Applied 
Chemistry, Faculty of Engineering, Osaka University, Suita, Osaka, JAPAN. 
2542	 STA Post-Doctoral Research Fellowship in Department of Organic Materials, Osaka 
National Research Institute, AIST, Ministry ofIntemational Trade and Industry, 
JAPAN. 
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Research Themes: Synthesis and Characterization of Biodegradable Polymers and the 
Polymer Recycle. 
2542 -2543	 NEDO Post-Doctoral Research Fellowship in Department of Organic Materials, Osaka 
National Research Institute, AIST, Ministry of International Trade and Industry, 
JAPAN. 
Research Themes: Synthesis and Characterization of Molecular Imprinting 
2543 -2544 ITIT Invitation Professor Fellowship Program in Department of Organic Materials, 
Osaka National Research Institute, AIST, Ministry of International Trade and Industry, 
JAPAN. 
Research Themes: Synthesis and Characterization of Biodegradable Polymers and the 
Polymer Recycle: 
2545 -2546 Alexander von Humboldt Research Fellow in Department of Organic Chemistry, 
Bochum University, Bochum, GERMANY.
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2546	 Visiting Professor at Institute of Advanced Energy, Kyoto University, Kyoto, JAPAN. 
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Q,1 II _I .... Q'" "'" ........ tI ""- .... tI 
ms lY~lm 1::l1lYUlJ1::fHl1.HlU'l11V 1111::1111lY ~1f111::l1VHHlllHl1 1111 11'1 1 VlJVHl IIllHJ1 HlYlJ 1111 
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'IJU GtlVHlllllJll1 (Organic Synthesis using Transition Metal Catalyst, Biodegradable Polymer 
Synthesis, Polymer Blends, Synthesis and Characterization of Composite Nano-structures for 
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